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FOREWORD 


Thu  Final  Annual  Report  was  written  for  the  U.S.  Army  Medical  Research  and  Development  Command  by  the 
Investigators  of  a one-year  study  that  wu  supported  by  a U.S.  Army  Basic  Contract  (No.  OADAI7-72-C-20B}) 
awarded  to  the  Visual  Sciences  Division  of  the  Optkat  Scieitces  Group,  San  Rafael,  California,  which  directed, 
guided,  and  administered  the  research  study.  The  experimental  phases  of  the  study  were  conducted  primarily  at  the 
Smith-KetHewell  Institute  of  Visual  Sciences  of  the  Pacific  Medical  Center  in  San  Francisco  and  secondarily  at  the 
Langley  Porter  Neuropsychiatric  institute  of  the  University  of  California  Medical  Center  in  San  Francisco.  Some  of 
the  data  analysis  was  performed  at  the  School  of  Optometry,  University  of  California,  Berkeley. 

We  recognire  with  appreciation  the  dedicated  service  of  our  laborstory  techitician  and  electronics  engineer, 
Michael  Muc0;,  at  well  u the  contributions  of  Michael  Olson,  B.S.;  George  Mem,  B.S.;  Katherine  Marks;  Kenneth 
Poise,  O.D.,  M.S.;  Jon  Thorson,  M.O.;  Henry  Metz.  M.D.;  Deborah  Peltzman,  B.A.;  Evan  Scott,  B.A.;  Lee  Stewart, 
M.D.;  Nancy  Newman,  M.D.;  and  Kenneth  Moses,  Mi.D.  Finally,  we  drank  each  of  our  research  subjects,  whose 
tnonynrity  must  remain,  for  the  many  days  of  helpful  service  given  to  the  study. 

Through  the  effora  of  the  above-mentioned  agencies,  institutions,  artd  people  the  results  of  this  study  were  made 
possible.  We  accept  responsibility  for  the  contents  of  thb  report. 
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ABSTRACn 

Ninr  viiiiun  functions  wrrr  mcisurtil  liy  ohjcctisv  methods  in  a snidy  sample  of  19  experienced,  male,  marijuana 
users  who  smoked  a O.B  gram  natural  marijuana  cigarette  containing  I.S  (percent  (12  milligrams)  of  deIta-9-tetrahy- 
dn>cannahinol  (A"-TIK;).  placelxt  cigarettes  uere  smoked  as  a contrtd.  The  experiments  were  tarried  out 
douHc-hlind  with  a cross-i*ver  design  Six  lehtted  fiit'  tions  were  also  measured.  Some  of  the  subjects  were  also  given 
22  mg  TIIC,  alcohol,  or  l.ihrium  in  separat  experiments. 

I'he  cliief  results  arc.  a)  a reduction  in  glare  recovers’  time  with  marijuana,  h)  a decrease  in  intraocular  pressure 
with  marijuana,  alcohol,  or  l.ibrium,  Oa  deterioration  of  tracking  eye  movements  with  aic.dtol,  d)a  rapid  rise  in 
pulse  rate  at  the  start  of  smoking  marijuana  followed  hy  a rapid  fall  within  minutes  after  smoking  ei  a correlation 
between  specific  subjective  ss'mptoms  .snd  objectively  measured  decrease  in  iniramular  pressure,  and  f)  a correlati.in 
between  the  subjects'  high  ratings  and  the  intraiKular  pressure  drop. 

Some  additional  and  incomplete  results  arc;  g)  no  significant  chanpe  in  heterophoria  with  marijuana,  alcohol,  or 
l.ihrium,  h)  a possible  reduction  in  amplitude,  frequency,  amt  regularity  of  optokinetic  nystagmus  with  marijuana, 
i)no  change  in  simple  teaction  time  with  marijuana  j)  a possible  increase  in  saccadic  eye  rnovement  rhythm  with 
marijuana.  k)a  decrease  in  time  production  and  increase  in  time  estimation  which  are  consistent  with  a "speeding 
up"  v>f  the  internal  clock  aft.-r  snvoking  marijuana.  Da  suggested  small  decrease  in  pupil  sire  after  marijuana,  and 
placchu.  m)  consistent  conjunctival  injection  with  m.iiijuana,  and  n)  suggested  lid  edema  after  smoking  marijuina 
leading  to  pseudoptosis  (lid  droop). 


I.  INTRODUCTION 

DciRite  ill  illcftlity,  mirii«itn*  » u*ed  by  l^airiy  Itrfe  numben  of  Amenc«ni  in  the  United  Stetee  end  ebrond. 
AJtboMfh  the  niiiotini  ot  the  acthre  iiifredient,  detu-R-tette'hydrmannibinol  (^’-TIIC),  smoket*  by  Americuii  in  the 
U.S.  tends  to  be  relatively  moderate  (about  5 milli|ttain«.  ftt  rifsivm).  dotaget  of  TtlC  and  rdaied  lubatancei 
smoked  by  Americans  abroad  are  much  higher.  The  oore  effects  of  acute  and  chronic  1 MC  uw  on  moat  human 
functioitt  are  not  clearly  establiaed. 

Of  the  numerous  effects  reported  to  he  maociattrd  vvtth  marijuana  (TMCI  uw,  it  is  noteworthy  than  many  are 
astociated  with  vision.  Reported  vision  effects  can  b co* '*^ftieni}y  cakcg4>ri«c<i  into  I ) vituo-tentoiy  effete  (e.g., 
glare  recovery  time),  2)  vituotnotor  effects  (e.g.,  phorui,  and  J)  efTfccs  '■n  the  physiolufy  of  vision  (e.g.,  intraocular 
pretwie).  Measurements  of  vision  effects,  rs)«ccially  i tow  in  the  first  tvrr>  csttgorics,  typically  rely  on  the  subject's 
indication  of  the  endpoint  of  the  test.  Such  subieciive  mcaaurenienrs  arc  particularly  suspect  in  diug  studies  since  a 
drug  might  only  affect  some  upect  of  the  subject's  respontivity  (such  as  alertness  or  motivation)  independent  of  any 
change  in  the  vision  function.  This  issue  of  subjective  retponscr.  is  not  trivia)  in  the  inteipreution  of  many  vision 
chattges  reported  to  occur  with  marijuana  intoxicarion. 

One  approach  to  this  problem  is  to  devise  tests  thst  measut’e  vision  functions  objectively.  The  uw  of  objective 
trsts  of  vision  in  drug  studies  not  only  has  the  advantage  of  overcoming  the  purely  subjective  effects  of  the  drug  and 
thereby  tapping  the  vision  function  directly,  but  alto  hu  the  sdvantage  ol  leading  to  the  possible  development  of  a 
drug  Kreening  instrument  if  in  fact  the  vision  function  exhibi.a  unintic  changes  following  adminiatration  of  specific 
drop. 

The  lonp-ranie  objective  of  the  present  study  was  to  develop  procedures  for  drug  screening  by  automated  vision 
testify.  In  realising  this  objective  it  was  first  neccsur>‘  to  establish  which  vision  functions  are  susceptible  to 
objectively  measured  change  by  marijuana  and  oilier  siKially-uted  drop,  such  as  alcohol. 

We  propoaed  to  investigate  the  vision  functions  of  glare  recovery  tiirr  and  heterophoria  (phoria)  for  the 
following  reasons:  IjAutumattc  instrumentation  had  already  been  developed  in  our  laboratory  for  objective 
measuremenis  of  thew  vision  functions.  2)  In  a widely  publicised  paper,  Frank  ft  o/  (1971)  reported  a several 
second  delay  in  subjectively  measured  gisre  recovery  time  ftdiowing  marijuana  intoxication  and  suggested  that  night 
driving  might  thereby  become  hssshJuus.  3)  The  military  implications  of  marijuana-induced  prolongation  of  glare 
recovery  are  serious  if  personnel  are  hamperesi  by  a^i  inability  to  tecover  visually  from  glaring  light  sources  such  as 
wsrchli^ts  and  incendiape  blasts.  4)  Previous  preliminary  work  in  our  laboratory  showed  glirc  recovery  to  be 
unaffected  by  doses  of  alcohol  large  enough  t j produce  incoherence.  5)  Phoria  had  been  frequently  reported  (Moses, 
1970)  to  shift  in  tn  (convergent)  direction  under  alcohol  intoxication  (pmumsbiy  from  decreased  cortical 
inhibition  ul  conic  midbrsin  activity  tending  to  cunvcige  the  eyes),  and  out  previous  prrliminars’  studies  had 
confirmed  this  result  for  high  dotes  of  alcohol  and  perhaps  for  manjuana  6)  Phoria  shifts  of  only  a few  degrees  can 
produce  extreme  discomfort  and  diplopia  (double  vision). 

The  inttnimentttion  wc  devised  for  objective  measurement  of  glare  recovery  cmp!i'-/cd  the  endpoint  criie*'on  of 
development  of  reflex  optokinetic  nystagmus  (OKN)  in  response  to  a laige  field  of  horisonully  moving  vertical 
stripes.  Previous  work  with  this  instrument  suggested  a possilde  deterioration  of  reflex  UKN  with  alcohol 
intoxication.  We,  therefore,  planned  u>  investigate  the  possible  influence  of  marijuana  and  alcohol  on  the  quality  of 
OKN  - not  only  to  ascertain  whether  the  objective  OKN  criterion  wouP  be  maintained  for  glare  recovery 
measurements  with  thew  drugs  but  also  co  deiennine  whether  marijuana  and  'or  alcohol  interferes  with  tunctioning 
of  the  reiino-cortical'tnidbrain-musculaturc  pathways  underlying  OKN.  For  comparison  of  glare  recovery  rime 
measured  from  the  onwt  of  OKN,  we  routinely  uwd  s subjective  responw  of  fust  perception  of  stripes  as  indicsted 
by  the  subject  depressing  a button.  Since  such  subjective  meuures  of  glare  recovery  time  might  be  altered  simply  by 
changes  in  reaction  rime,  we  proposed  a separate  investigation  of  reaction  time  under  marijuana  and  alcohol 
intoxication.. 

Thus,  our  originally  planned  research  included  tests  of  I) glare  recovery  rime,  2) phoria,  3) optokinetic 
nystagmus,  and  4)  reaction  time.  Additional  functions  were,  for  a variety  of  reasona,  incorporated  within  the  study 
once  it  was  begun. 

For  example,  a report  (llepler  and  Frank,  1971)  came  to  our  attention  which  indicated  an  average  decrcaw  of 
4 mm  Hg  in  intraocular  pres.surr  (lOP)  for  1 1 subjects  soon  after  they  smoked  a single  marijuana  cigarette  containing 
l.^-ISmg  TMf.  Although  the  snidy  was  only  preliminary,  was  not  performed  double-blind,  did  not  include  a 
placebo  control,  and  did  not  all.  w for  statistical  significance  of  the  results,  the  possible  implications  from  the  lOP 
decreaw  were  nonetheless  "startling."  The  i-w  of  marijuana  (T)fC)  for  the  treatment  of  glaucoma  haa  already  been 
suggested  (llepler  rr  u/ , 1972).  Tonometric  measures  of  intraocular  pressure  were  therefore  performed  on  all 
subjects  in  the  study.  7 


ObKftivc  nKusurtmeni  of  phurit  with  thr  propoiett  iimntincnution  rrqtiim  the  »uhjfft  to  make  a lene*  of 
graded,  hon*onta),  ucradic  evj  rm<wmen»  the  mafttinide  and  reaction  time  of  theie  movemenii  brinj  crucial  »o 
the  meaiurrd  photia.  It  therefore  seemed  prudent  to  inve«ii|ate  Mccadic  eye  movement*  prr  w in  order  to  insure 
that  the  tpialiiv  of  these  movements  was  sufficient  after  drup  treatment  tu  obtain  valid  phoria  measurements.  In 
additkiii,  mea.sutetnents  of  saccadic  eye  movements  with  the  subject  peneratinp  the  movement  rhythm  from 
memory  appeared  to  be  a possible  way  of  samplinf  the  speed  of  his  internal  clock  by  objective  means.  This  stimulus 
variation  was  therefore  added  to  the  measurements  of  saccadic  eye  movements.  For  companion,  we  indurcd 
subjective  measures  of  time  estimation  and  time  production. 

Within  the  domain  ot  e\  r movement  tracking  are  abrupt  (uccadic)  and  smooth  (pursuit)  movements  two 
fcndamentallv  different  types  of  e>‘e  movement.  In  additi«*n  to  studying  saccadic  c>'e  movements  (for  the  reasons 
mentioned),  we  decided  to  ins'estigaie  some  aspect  of  pursuit  movements  liecaute  the  deterioration  of  OKN  with 
alcohol  in  our  preliminary  experiments  of  glare  recovery  suggestetl  specific  involvement  of  pursuit  .movements,  and 
because  follow-up  experintents  in  our  laboratory  showed  that  alcob.d  reduced  the  frequency  of  pursuit  movements 
of  a sinusoidally  moving  spot.  The  a.sjwci  of  pursuit  movements  studied  in  the  investigation  was  the  frequency 
response  of  the  eyes  to  a sinusoidally  nsoving  spot. 

Three  ph>  siological  indices  pupil  diameter,  couiunctival  injection,  and  lid  edema  were  added  during  the 
stutiy  in  order  to  confirm  previous  reports  on  these  functions  and  to  aid  in  the  possible  interpretation  of  other 
results.  I'or  example,  to  what  extent  might  pupil  changes  account  lor  a marijuana-induced  change  in  glare  recovery 
time> 

F'inally,  we  included  tests  which  are  intlicants  of  the  amount  ol  d.ug  alvsorlrcd  into  the  system:  the  pulse  rate 
during  an  experiment,  the  subject's  es-aluati.m  of  his  *'high“  during  an  experiment,  and  a symptom  check  list  given 
t.>  cavh  suFiect  at  the  end  of  a ,lay's  exp»-nmciit  A Kreatholirer  was  i'  .ed  in  the  alcohol  experiments  to  estimate 
blood  alcohol  levels. 

In  all,  the  fullowiisg  tes,s  and  measures  were  included  in  die  investigation: 

A.  tdare  revoverv  time 
R.  I'horia 

s Optokinetic  nystagmus 

I)  Keaction  lime 

K.  Intraocular  pressure 

F Saccadic  eye  movements 

O Time  estimation  and  time  production 

II.  Sinusoidal  pursuit  eye  movements 

I.  i'upil  diameter;  ,'onjunctival  injection,  and  lid  edema 

j.  I^)llsc1ale 

K Subji  disc  cvalit.ition  of  "high" 

I..  Subjective  Drug  Kffects  Qursiionnaire  (S.D.K.Q.) 
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II.  GENERAL  EXPERIMENTAL  MPTHODS 


The  majority  of  the  experiments  were  conducted  in  the  Smith-Ketueweil  Institute  of  Visual  Sciences  (SKIVS) 
at  tlie  Pacific  Medical  Center  in  San  Francisco,  California.  Some  of  the  intraocular  pressure  experiments  were 
performed  at  the  Lan^ey  Porter  Neuropsychiatric  Institute  (LPNI)  and  the  University  of  California  Medical  Center 
in  San  Francisco.  Associated  with  each  laboratory  at  SKIVS  and  LPNI  was  a special  adjoining  room  with  livingroom 
type  furnishings  (e.g.,  soft  chairs,  end  tables,  radio,  and  pictures).  On  an  experimental  day  the  subjects  spent  all  of 
their  time  in  this  room  except  when  they  were  actually  being  tested  in  the  adjoining  laboratory.  Adminismtion  of 
the  drug  (usually  marijuatta,  but  occasionally  alcohol  or  Librium)  took  place  in  this  room. 

Twenty-six  subjects  participated  in  the  study.  Four  university  students  (2  male,  2 female)  served  as  non-s?  jke 
subjects  at  the  start  of  the  study  to  develop  the  testing  protocol.  Drug  experiments  were  performed  on  twenty-one 
males  and  one  female  (alcohol  only)  whose  ages  ranged  from  18  to  37  years  (average  age  of  24.4  years).  Two 
subjects  failed  to  return  for  their  second  visit,  and  one  subject  barely  tolerated  the  intraocular  pressure 
measurements  giving  erratic  results  which  were  excluded  from  the  study.  Our  study  sample  thus  consisted  of  19 
subjects. 

The  subjects  had  been  screened  by  a psychiatrist  to  establish  accepubility  to  the  study  (an  experienced  user 
having  smoked  marijuana  at  least  five  times,  no  “bad  trips”  on  marijuana,  not  currendy  using  any  other  drug,  and 
not  obviously  emotionally  unsuble).  They  were  told  the  general  nature  of  the  study  and  were  given  a brief 
description  of  each  test  to  be  performed.  Each  subject  was  asked  to  eat  a light  (low  fat)  breakfast  on  the  day  of  an 
experiment  and  to  arrange  transportation  so  he  would  not  have  to  drive  home  afterwards.  The  subjects  generally 
stayed  in  the  laboratory  after  the  experiment  until  they  were  “down.”  Those  who  were  still  “high”  or  uncomfortable 
at  the  end  of  the  day  were  sent  home  in  a taxi.  Payment  for  serving  as  a subject  was  $2.00  per  hour  plus  a $10.00 
bonus  for  a return  visit. 

The  experiments  were  carried  out  double-blind  with  a cross-over  design.  That  is,  neither  the  subject  nor  the 
experimenter  on  any  day  knew  whether  the  drug  or  placebo  had  been  given;  if  marijuana  (randomly  chosen)  was 
given  on  the  first  day,  then  placebo  was  given  on  the  second  day,  and  vice  versa.  One  of  us  (R.J.)  was  responsible  for 
obtaining,  maintaining,  preparing,  assaying,  and  dispenr  ig  the  marijuana  which  was  grown  at  the  U.S.  Government 
research  center  in  .Mississippi.  The  placebo  was  prepared  locally  by  a method  described  by  Jones  and  Stone  (1970). 

The  subjects  reported  to  the  laboratory  in  the  morning,  had  eiectro-oculc,«ram  (EOG)  skin  electrodes  affred  to 
their  outer  canthi  and  forehead  (and  addirionally  in  some  cases  to  the  nape  of  the  neck  and  over  the  radial  arteries 
for  continuous  heart  monitoring),  and  were  given  one  or  more  trials  on  the  tests  to  establish  a pre-drug  base-line. 
Glasses  were  worn  if  they  were  necessary  for  good  distance  vision;  contact  lenses  were  not  worn.  During  an 
experimental  day  an  attending  physician  was  either  in  the  laboratory  or  was  immediately  available.  After  taking  the 
drug,  measurements  were  performed  inunediately  and  were  repeated  at  regular  intervals  throughout  the  day  until 
recovery  from  the  drug  or  return  to  measurement  base-line  occurred.  A light  lunch  was  provided  for  the  subjects  at 
mid-day  at  a convenient  and  appropriate  time  between  experimental  trials. 

The  standard  marijuana  treatment  was  a 0.8  gram  cigarette  containing  1.5  percent  (or  12  milligrams)  of  THC 
which  was  smoked  for  “maximum  intake"  in  about  ten  minutes.  A higher  dose  (22  mg  THC)  was  used  for  only  two 
subjects.  The  alcohol  trcatiiKnt  was  typically  0.023  ounces  of  100-proof  vodka  per  pound  of  weight  (equivalent  to 
0.012  oz.  of  pure  alcohol  per  lb.  body  weight  or  0.76  ml.  of  pure  alcohol  per  kilogram  body  weight).  For  a subject 
weighing  150  pounds,  the  typical  dose  war  ^.45  ounces  of  100-proof  vodka.  The  alcohol  was  drunk  (in  about  30 
minutes)  with  a straw  in  a lidded  paper  cup  containing  tiie  alcohol,  6 ounces  of  water,  two  ice  cubes,  two  packets  of 
fn:cze-dried  daquiri  mix,  and  two  drops  of  liquid  peppermint  extract.  Two  drops  of  the  extract  were  also  placed  on 
the  lid  of  the  cup  so  that  the  alcohol  and  alcohol-placebo  treatments  looked,  smelled,  and  tasted  the  same.  This 
alcohol  treatment  produced  blood  alcohol  levels  of  approximately  0.07  percent  (as  measured  with  a Breatholizer)  30 
minutes  after  finishing  the  drink.  (Blood  alcohol  of  0.1  percent  is  considered  an  indicant  of  legal  intoxication  in 
most  states.)  For  two  subjects  (L.T.  and  C.F.),  the  ticohol  dose  was  4 ounces  of  80-proof  vodka  (mixed  with  equal 
parts  of  water  and  two  ice  cubes)  drunk  in  about  iO  minutes,  and  followed  by  an  additional  2 o>>nces  of  80-proof 
vodka  35  minutes  tater.  Doses  of  Librium  were  either  25  or  50  mg. 

All  measurements  were  made  by  or  under  the  direct  supervision  of  a co-investigator  of  the  study.  Tonometric 
measurements  were  performed  either  by  an  optometrist  (Mackay-Marg  and  Goldmann  tonometry)  or  by  an 
ophJialmologist  (Goldmann  tonometry).  A single  examiner  performed  all  tonometric  measurements  for  a given 
subject  on  one  instrument  at  a day’s  tiial. 
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Fig.  1 : Schematic  representation  of  glare  recovery  and  phoria  test  units  and  their 
interfacing  to  a single  electronics  module  which  also  receives  electro-oculographic 
signals  from  subject's  eyes. 


III.  SPECIFIC  EXPERIMENTS 
A.  Glare  Recovery 


1.  Definition  and  Procedure 

Glare  recovery  time  is  the  period  the  eye  takes  to  recover  to  a predetermined  performance  level  (e.g.,  seeing 
moving  stripes)  after  exposure  to  a bright  gl ' 'ne  light. 

The  subject  looks  into  a head  piece  and  is  binocularly  preadapted  to  a uniform  100-degree  by  50-degree 
white-iight  field  having  a luminance  of  approximately  1 foot  lambert.  Following  pre-adaptation  to  this  field,  an 
intense  uniform  white  light,  approximately  16  joules,  is  briefly  exposed  for  approximately  one  three-thousandth  of  a 
second.  Vertical  black  stripes  against  a white  background  arc  presented  in  the  field  immediately  following  the  glare, 
and  optokinetic  nystagmus  (OK.N)  is  generated  the  moment  that  the  subject  recovers  from  the  glare  and  sees  the 
stripes.  The  OKN  is  detected  by  Beckman  surface  pressure  EOG  electrodes  and  recorded  in  real  time  digital  form. 
The  onset  of  OKN  (objective  glare  recovery),  the  subject’s  button  press  indication  of  when  he  sees  the  stripes 
(subjective  glare  recovery),  and  the  automatic  read  out  from  the  electronic  instrumentation  are  all  displayed  on  a 
Beckman  polygraph  for  retrospective  analysis.  The  apparatus  is  shown  schematically  in  Fig.  1. 

2.  Results  and  Comments 

a.  Marijuana 

Fourteen  subjects  were  included  in  the  study  of  glare  recovery  and  were  given  both  placebo  and  marijuana 
(12  mg  TllC)  treatments  on  alternate  days.  For  each  test  four  trials  of  glare  recovery  were  made  and  the  average  was 
taken  as  the  measurement.  Ail  subjects  were  tested  once  or  twice  prior  to  smoking.  The  recover)’  to  glare  was  tested 
20  to  40  minutes  after  smoking  was  completed  and  again  1 to  3 hours  post  smoking.  These  periods  are  referred  to  as 
“Post  1/2”  and  “Post  1-3”  respectively.  Both  objective  (eye  movement  traces)  and  subjective  (subject’s  button  press) 
measures  were  recorded. 

The  objective  glare  recovery  times  were  usually  slightly  longer  than  the  subjective  glare  recovery  times  both 
before  and  after  smoking  marijua  or  placebo.  Fig.  2 depicts  the  pre-smoking  glare  recovery  times  of  each  subject 
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Fig.  2:  Compariton  of  objective  jOKN)  and  subjective  (button  press)  recovery  to  glare 
for  14  subjects  prior  to  smoking  marijuana  (6  S‘s)  or  placebo  (8  S's).  Identical 
objective  and  subjective  glare  recovery  times  represented  by  diagonal  line;  points  below 
this  line  indicate  subject  perceived  moving  stripes  before  OKN  was  objectively  evident. 

Data  from  Table  I,  pre-smoke  condition. 

on  his  first  day  of  experiments  (see  legend  to  Fig.  2 for  details),  ft  will  be  noted  that  the  majority  of  points  lie  below 
the  diagonal  line,  signifying  shorter  subjective  than  objective  recovery  to  glare.  These  results  are  interpreted  as 
indicating  that  some  vision  is  restored  (i.e.,  the  subject  can  dimly  see)  prior  to  activation  of  the  reflex  cycle  of 
optokinetic  nystagmus. 

Tlie  results  for  each  individual  following  marijuana  and  placebo  are  seen  in  Table  1 along  with  the  group  means 
and  standard  deviations.  One-half  hour  after  smoking  marijuana,  subjective  responses  of  12  of  the  14  subjects 
indicate  shorter  recovery  to  glare,  and  objective  recovery  times  were  shorter  in  13,subjects.  In  contrast,  following 
placebo  smoking,  7 subjective  recovery  times  were  shorter  and  8 objective  recovery  times  were  shorter  than  the 
pre-smoke  controls.  The  group  means  reflect  a drop  in  glare  recovery  time  both  by  subjective  and  objective  nteasures 
after  smoking  marijuana.  For  the  placebo  condition  the  group  means  suggest  no  change  in  subjective  measures  and  a 
slight  increase  in  glare  rccoveiy  time  by  objective  measures  after  smoking.  Fig.  3 depicts  the  change  in  objectively 
determined  glare  recover)’  time  for  each  subject  following  placebo  and  marijuana  smoking.  All  of  the  points  above 
the  horizontal  line  represent  1 3 of  14  subjects  whose  glare  recovery  times  shortened  after  smoking  marijuana.  On  the 
other  hand,  the  data  points  to  the  right  of  the  vertical  line  represent  all  of  the  subjects  whose  glare  recovery  time 
shortened  after  smoking  the  placebo.  Here,  only  8 of  the  14  subjects  are  represenied.  Hence,  if  only  the  direction  of 
glare  recovery  time  changes  is  considered,  there  is  a clear  suggestion  that  marijuana  smoking  decreased  glare  recover)' 
times.  However,  of  more  significance  is  the  relative  shift  for  each  subject.  A subject  whose  glare  recovery  lime 
decreased  both  after  smoking  the  placebo  and  the  marijuana  could  have  a greater  decrease  under  marijuana 
conditions.  This  would  be  interpreted  as  a decrease  in  glare  recover)’  time  for  the  marijuana  condition.  Ten  of  the 
fourteen  subjects  had  such  a decrease.  It  should  be  noted  that  the  four  subjects  who  had  a relative  increase  in  glare 
recover)’  time  after  marijuana  (points  below  the  diagonal  line)  had  extremely  small  relative  shifts.  This  fact  is  seen 
by  the  points  lying  close  to  the  diagonal  line.  Similar  observations  were  made  when  subjective  determinations  of 
glare  recovery  time  were  used  for  analysis. 

In  determining  the  relative  glare  recovery  time  shift  for  each  subject,  the  change  which  occurred  under  the 
placebo  condition  was  used  as  the  standard  to  which  changes  under  marijuana  were  compared.  The  Walsh  test  of  two 
related  samples  uses  the  relative  differences  in  each  subject  in  order  to  test  the  hypothesis  that  the  mean  change  in 
objectively  determined  glak’C  recovery  time  after  smoking  marijuana  is  significantly  different  from  the  change 
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Tibl«  I:  Glart  Racovtry  Tima  (Stcondtl  Maaturad  doth  Subiactivety  and  Obitctivaly 
aftar  Smokipg  Marijuana  (12  rr>g  THC)  or  RIacabu. 
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foll.iwing  plairbo  smoking.  On  the  average,  glare  reeoven  time  was  longer  1/2  hour  after  smoking  ihc  placeho  than 
before  (3.21  and  3.10  sec.,  respectively)  and  recovery  time  was  shorter  1/2  Irour  alter  smoking  marijuan.i  than 
before  (3.11  and  3.35  sec.,  respectively).  Thus,  on  the  average,  smoking  the  placebo  icsiiltcil  in  0.1 1 sec.  iin  rcasi-  in 
glare  recovery  time,  and  smoking  marijuana  resulted  in  a 0.25  sec.  lU'crfiisi'  in  glare  recovery  time.  These  mean 
differences  arc  significantly  different  at  the  0.05  level  (Walsh  test). 

In  Table  H the  group  means  and  medians  of  these  rehvhr  glare  recovery  time  shifts  arc  compared  to  the 
absolute  shifts  represented  by  the  means  of  the  group  data  presented  in  Table  1.  The  decrease  in  glare  recover)'  time 
is  about  0.2  seconds  with  a range  of  0.14  to  0.36  seconds,  representing  approximately  a 7%  reduction  following 
marijuana  smoking.  This  result  holds  whether  objective  or  subjective  measurements  are  taken,  absolute  or  relative 
decreases  are  considered,  or  means  or  medians  are  used  for  the  analysis. 

This  finding  is  important.  The  ability  of  the  eye  to  reco.  ?r  from  high  intensity  flashes  or  glaring  light  sources  is 
extremely  relevant  in  both  militars'  and  civilian  life.  The  earlier  report  that  maiijuana  smoking  increased  glare 
recovery  time  d rank  t i .i/,.  1971)  is  not  supported  by  our  study.  On  the  contrar>’,  there  seems  to  be  slight  reduction 
in  the  time  required  for  ibt  eye  ro  recover  from  the  effects  of  a high  intensity  glare  source  independent  of  am 
changes  in  the  subject’s  ability  or  desire  to  signal  the  point  at  which  he  has  recovered  to  a standard  level  of  vision 
performance.  In  our  test  the  base  line  vision  performance  to  which  the  eyes  must  return  is  relatively  undemanding.  It 
is  quite  possible  that  the  change  in  glare  recovery  time  following  marijuana  smoking  may  be  more  significantly 
manifested  when  the  baseline  vision  performance  is  more  demanding.  In  future  studies  we  propose  to  explore  this 


12 


CHANGE  IN  RECOVERY  TIME  (SECONDS) 
PLACEBO 


Fig.  3;  Change  in  objective  glare  recovery  time  following  marijuana  compaird  with 
change  foliowing  placebo.  Each  point  represents  change  in  one  subject's  recovery  times 
pre-  and  1/2  hour  post-marijuana  (ordinate)  and  pre-  and  1/2  hour  post-placebo 
(abscissa).  Horizontal  line  represents  no  change  in  recovery  time  after  marijuana;  points 
above  (13  of  14)  irKjicate  shorter  glare  recovery  after  marijuana  than  before.  Vertical 
line  represents  no  change  between  pre-  and  post-placebc;  points  to  right  (8  of  14) 
indicate  shorter  glare  recovery  after  placebo  than  before.  Diagonal  line  indicates  same 
change  following  both  marijuana  and  placebo;  points  above  diagonal  indicate  "relative 
decrease"  in  glare  recovery  time  after  marijuana  (10  subjects). 


hypotlicsis.  Meanwhile,  our  results  suggest  that  marijuana  smoking  is  unlikely  to  effect  detrimentally  the  eyes’ 
ability  to  recover  from  blinding  light  flashes. 

It  is  not  clear  why  glare  recovery  time  should  be  reduced  following  marijuana  smoking.  However,  it  does  not 
appear  to  be  related  to  the  slight  constriction  of  the  pupil  noted  after  smoking  marijuana.  This  constriction  amounts 
to  a reduction  of  pupil  diameter  of  approximately  0.2  mm.  Assuming  a 4 mm  pupil,  this  corresponds  to  a reduction 
of  pupil  area  by  about  10%.  Corsequendy,  a corresponding  reduction  in  retinal  illumination  is  anticipated  (ignoring 
the  Stiles-Crawford  effect).  T).  .-  10%  reduction  occurs  for  the  pre-adapting  light,  the  glare  Pash,  and  the  average 
luminance  of  the  stripe  test  grating.  The  contrast  and  luminance  of  the  test  grating  are  sufficiently  high  that  a 10% 
reduction  in  effective  retinal  illuminance  is  insignificant.  A 10%  reduction  in  the  pre-adapting  luminance  used  in  this 
study  is  not  capable  of  producing  significant  changes  in  the  glare  recovery  times,  as  was  determined  on  this 
instrumentation  prior  to  this  contract.  Any  effective  reduction  in  pre-adapting  luminance  would  be  expected  to 
produce  longer  glare  recovery  times.  The  most  obvious  way  to  test  this  idea  is  to  produce  the  same  reduction  in 
control  subjects  by  application  of  10%  reducing  neutral  density  filters  in  the  eyepieces  of  the  instrument.  We  do  not 
expect  this  reduction  to  produce  a decrease  in  glare  recover)  limes  comparable  to  that  seen  following  marijuana 
smoking.  Other  possible  explanations  can  be  presented  for  th>:  decreased  recover)’  time,  including  an  increased 
retinal  blood  flow  to  the  retina  (similar  to  the  increased  flow-  to  the  conjunctiva,  cf.  Section  lb).  At  this  point  we 
have  no  quantitative  evidence  to  support  this  latter  speculation. 


TatM«  II:  AMrafi  Pacram  in  Subiactiv*  a«id  Ob)activa  Maaiuraa  of  Glai«  Racovary 
Tima  (Saoandi)  tor  Fourtaan  Sub)aca  1/2  Ho«.«r  attar  Smokini  Marijuana  (12  mg 
THC);  Aliaoluta  Tiirtaa  (Aboval  and  Timat  Raiativa  to  Placabo  Chanst  (Baiow). 


Objective 

Subjective 

Absolute 

Hean 

0.25  sec. 

0.26  sec. 

Hedlan 

0. lA  sec. 

0.2^  sec. 

Relative 

Mean 

Median 

0.36  sec. 
0.19  sec. 

0.23  sec. 
0. 15  sec. 

b.  Alcohol 

Three  subjects  were  tested  after  drinking  4lcohol  <0.012  oz./lb.  body  wt.)  in  one  dose  over  a 30  minute 
period.  One  of  the  subjects  was  given  a placebo  drink  on  a second  day  amd  was  told  that  it  was  “a  different  dose 
level."  Again,  each  subject's  glare  recovery  time  was  measured  objectively  and  subjectively  prior  to  and  following  the 
drink.  As  seen  in  Table  III,  all  three  subjects  showed  an  increase  in  their  objectively  determined  glare  recovery 
measures  1/2  hour  post  ingestion.  Two  of  the  three  subjects  showed  a similar  increase  in  their  subjectively 
determined  glare  recover)'  measures.  The  one  subject  who  was  give,'  the  placebo  showed  a very  slight  decrease  in 
both  subjectively  and  objectively  determined  glare  recovery  in  contrast  to  his  increased  times  after  drinking  alcohol. 
The  means  and  standard  dcvia’icns  for  the  group  are  seen  in  Table  III  ogether  with  the  individual  results  With  so 
few  subjects  it  is  difflcult  to  draw  conclusions.  Ortainiy  statistical  significance  cannot  be  attained  on  such  a small 
group.  It  would  be  worthwhile  to  pursue  this  e.xpcriment  on  a larger  group  of  subjects  at  more  than  one  vision 
performance  level,  particularly  since  a reduction  in  glare  recovery  time  has  considei-blc  practical  relevance  in  both 
military  and  civilian  life. 

c.  Librium 

Three  subjects  were  each  gi^en  50  nig  of  Librium;  their  glare  '^erovery  times  were  measured  prior  to  and 
following  the  Librium  treatment.  Cne  of  the  subjects  was  given  25  mg  of  Librium  on  a second  day.  For  ail  subjects 
glare  recovery  time  increased  slight!)'  (about  0.2  seconds)  especially  1 hour  following  the  ingestion  of  Librium.  This 
increase  was  apparent  for  both  objective  and  subjective  measurements.  Because  of  the  small  group  it  is  not  possible  to 
attach  statistical  significance  to  the  change,  but  the  trend  of  the  result  is  of  considerable  interest  and  should  be 
explored  in  a larger  group.  Table  III  presents  the  group  means  and  standard  deviations  together  with  the  individual 
results. 


B.  Heterophoria 

1 . Definition  and  Procedure 

Heterophoria  is  a latent  deviation  of  the  eyes  which  becomes  manifest  when  binocular  fused  vision  is  disrupted. 
For  example,  when  a hcterophoric  subject  is  binocularly  fixating  a point  in  space  and  a card  is  placed  before  onc 
eye,  that  eye  will  then  rotate  to  its  phoria  position  (nasaiward  » esophoria;  temporalward  - exophoria).  Movement 
of  the  card  to  the  other  eye  will  result  in  a conjupte  movement  of  the  eyes.  The  direction  of  this  conjugate 
movement  is  that  of  the  deviating  eye  from  its  phoria  position  to  the  fixation  point.  The  heterophoria  (phoria) 
reflects  the  oculomotor  imbalance,  which  is  the  result  of  the  tonic  inputs  that  contribute  to  extraocular  muscle 
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TabI*  III;  Glare  Racovary  Tima  (Saoondi)  Maaaurad  Both  SubRctivaly  and  Obiactivaly 
after  Ingestion  of  Akobol  (0.012  oi/lb)  or  Librium  (26  or  BO  mg). 
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tonus.  Phorias  can  be  changed  by  certain  drugs,  peripherally  by  homatropinc  and  systemically  b/  barbiturates, 
alcohol,  and  anoxia  (Ogle  et  a!.,  iy67).  The  general  principle  employed  in  measuring  phorias  is  to  move  the  target  (as 
seen  by  each  eye)  either  physically  or  optically  until  alternate  exposure  of  the  target  results  in  no  eye  movement. 
This  null  principle,  used  in  virtually  all  phoria  measurements,  is  also  used  in  the  present  instrument  to  measure 
horisontal  phorias  and  to  detect  possible  phoria  changes. 

The  stimulus  array  and  presentation  nwthod  in  our  instrument  are  unique.  The  left  eye  fixates  a small  (about  10 
min.  arc)  pinlight  at  optical  infinity  in  the  left  half-field  of  a 10-diopter  stereoscope  (cf.  Fir.  1).  This  target  b 
extinguished  and  a similar  pinlight  target  is  immediately  exposed  to  the  right  eye  at  some  lateral  eccentricity  from 
the  optical  axis  of  the  stereoscope  lens.  The  irtovenrent  of  the  right  eye  required  to  move  from  its  phoria  position  to 
fixate  the  pinlight  is  measured  objectively  by  electro-oculography  (EOG).  The  process  is  repeated  (left  eye’s  light, 
right  eye’s  light)  with  the  right  eye’s  light  being  randomly  positioned  over  the  range  of  15  esophoria  to  15  exophoria 
in  2 prism  diopter  steps.  The  phoria  is  “measured”  (and  dbplayed)  when  the  E(X1  signal  indicates  no  movement 
required  of  the  right  eye  to  fixate  a certain  light  (or  lights). 

The  total  time  required  to  complete  thb  test  is  about  one  minute.  Only  during  the  time  defined  by  the 
extinction  of  the  left  light  and  the  extinction  of  the  right  light  arc  null  movements  sought.  Any  eye  movements 
which  ake  place  during  the  time  required  for  sustained  fixation  of  a light  are  ignored. 

2.  Results  and  Comments 
a.  Marijuana 

Fourteen  subjects,  studied  in  a “double-blind”  experiment,  were  given  both  placebo  and  marijuanr 
treatments.  At  each  test  four  measures  of  phoria  were  made,  and  die  average  was  taken  as  the  phoria.  Subjects  were 
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Tabit  IV;l>horif  (Prbni  Oioptcn)  M«Mur«d  Ob|tctivtlv  for  Optictl  Infinity  afttr 
Smoking  Morifuana  (12  mg  THC)  or  Placabo;  Ewpboria  Exofihoria 
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tested  once  or  twice  prior  to  smoking.  The  phoria  was  tested  20  to  40  minutes  following  completion  of  the  smoking 
and  again  between  1 to  J hours  following  smoking.  These  periods  have  been  referred  to  as  “Post  1/2“  and  “Post 
1-3,"  respectively,  in  Table  IV  where  the  results  for  each  subject  are  presented. 

Because  of  the  laige  individual  differences  in  baseline  phoria  between  subjects,  the  standard  deviations  for  the 
group  are  large  and  consequendy  no  statistical  significance  (at  0.05  level)  can  be  attached  to  the  differences  between 
pre  and  post  conditions  for  either  the  marijuana  or  placebo  smoking.  Further,  the  mean  changr  in  phoria  after 
smoking  marijuana  is  not  significandy  different  (at  the  O.OS  level)  from  the  mean  change  in  phoria  after  smokiqg 
placebo  (Walsh  related  sample  test). 

It  will  be  noted  that  the  mean  pre-smoke  phorias  are  of  the  order  of  r-s  prism  diopters.  This  value  reflects  a 
baseline  bias  of  our  instrumentation,  as  will  be  discussed  btlow  relative  to  proximal  convergence.  However,  since  the 
effects  of  smoking  are  expressed  in  terms  of  each  subject’s  relative  shift  with  respect  to  his  own  baseline,  the 
absolute  levels  need  not  be  considered. 

One-half  hour  after  smoking  marijuana,  seven  of  the  subjects  showed  a shift  toward  exophoria  (mean  *1.8 
prism  diopteis)  while  six  of  the  subjects  showTd  a shift  toward  esuphoria  (mean  * 1.1  prism  diopters)  (Fig.  4).  After 
smoking  the  placebo,  ten  of  the  subjects  had  an  exophoria  shift  (mean  > 0.7  prism  diopters)  while  four  of  the 
subjects  had  an  esophoric  shift  (mean  « 1.3  prism  diopters). 

Of  interest  is  the  phoria  shift  each  individual  makes  with  respect  to  his  own  change  under  the  placebo  condition. 
If  a subject  showed  a greater  esophoric  shift  under  marijuana  than  under  the  placebo  condition,  then  the  shift  could 
be  referred  to  as  a “relative  esophoric  shift”  under  marijuana.  Fig.  4 illustrates  the  phoria  shifts  in  each  of  the 
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Fig.  4;  Chang*  in  obJactNalv  maaiurad  diitane*  phoria  for  14  lubiactt  1/3  hour  attar 
smoking  marijuart*  comparad  to  chang*  aftar  amoking  pfacabo.  Th*  8 points  abov* 
diagorta)  lin*  raprasant  rafathra  axoahift  aftar  marijuana  comparad  to  placebo. 

subjects  1/2  hour  after  the  marijuana  and  placebo  treaanents.  It  can  be  seen  that  8 of  the  14  subjects  showed  a 
relative  exophoric  shift,  as  reflected  by  the  data  points  which  fall  above  the  diagonal  line,  indicating  relatively  more 
exophoric  shift  under  marijuana  than  in  the  placebo  condition. 

Thus,  in  our  experiment  there  appears  to  be  no  clear  trend  in  phoiia  shift  following  marijuana  smoking.  Of 
course,  this  result  may  not  be  true  for  a larger  group  or  for  higher  doses  of  A*-TIIC. 

Moskowita  er  a/.  (1972^  using  12  subjects,  have  suggested  that  there  is  a slight  exophoric  shift  in  subjects  after 
smoking  approximately  the  tame  THC  dotage  of  marijuana  as  w-as  used  in  our  study.  The  distance  phoria  was 
titeasured  in  both  studies.  They  used  a target  20  feet  from  the  eyes  and  a subjective  clinical  technique.  In  our  study, 
the  stimuli  were  optically  at  infinity  but  were  physically  at  10  centimeters  from  the  subject's  eyes,  and  the  phoria 
was  determined  objectively. 

When  a subject  is  aware  that  the  targets  are  physically  close,  he  tends  to  converge  his  eyes  even  though  the 
targets  arc  optically  at  infinity.  This  phenomenon  is  often  referred  to  as  proximal  convergence  which  b generally 
considered  to  be  relatively  stable  in  a given  instrument  and  subject.  Our  previous  nondrug  studies  on  this  instrument 
suggested  that  proximal  convergence  was  not  only  stable  but  relatively  constant  between  subjects  (approximately  4 
prism  diopters  of  convergence).  However,  it  b possible  that  drugs  like  marijuana  may  alter  the  proximal  convergence 
by  increasing  or  dccreuing  it.  In  our  experiments  a decrease  in  proximal  convergence  after  smoking  marijuana  may 
mask  a dutance  esophoric  shift.  While  we  have  no  indication  that  thb  happened  in  our  experiments,  it  b a possible 
explanation  of  the  diKrepancy  between  our  results  and  those  of  Moskowitz  rt  <r/.  (1972).  Since  presmoke  levels 
covered  such  a wide  phoria  range,  the  possibility  also  exbts  that  a group  of  12  to  14  subjects  may  not  be  sufficient 
to  show  a general  trend. 

b.  Alcohol 

Phoria  measurements  were  made  on  five  subjects  before  and  after  they  received  alcohol.  Three  of  the 
subjects  were  given  a single  dose  of  0.012  oz.  alcohol/lb.  body  we^ht  which  they  drank  over  a period  of  about  JO 
minutes.  Blood  alcohol  measurements  were  made  30  minutes  and  one  hour  after  ingestion  was  completed.  For  these 
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Tabtt  V;  fhoria  (Priwn  DiopMri)  M«Mund  Obitctivtiv  for  Optical  Infinity  after 
Drinkinf  Ateohol  (O.Cf2  ot/lb|i  or  Placebo;  Eeopboria  ENOpkoria  " 
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F)0.  5;  Time  course  of  obiectively  measured  distance  pboria  with  alcohol.  First  drink 
was  4 oa.;  second,  2 02.  of  80  proof  alcohol;  shadad  areas  represent  ingestion  periods. 
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Tibl«  VI;  fhotit  OlopMrt)  MM«ur«d  Ob)M\iv«lv  for  Optical  Infinity  after 

. Ibrium  InfMtkm  (2S  or  M ntff;  Emphoria  EMopPoria 


USRluh  : 

SO  mg. 

LlbRIUH 

25  mg. 

Fr« 

Post 

Pott 

Pro 

Pott 

Pott 

Subject 

Librium 

1 Nr . 

2 1/2  Hr. 

Librium 

1 Hr 

2 1/2  Nr. 

00b 

♦8.1 

♦8.8 

♦8.0 

• « 

-- 

• m 

0\k 

♦b.3 

♦3.S 

♦ 3.8 

♦ 1.6 

♦2.7 

♦2.2 

023 

♦ 10. b 

♦9.b 

♦ 10.5 

» «a 

• a* 

-- 

H«an 

♦ 7.80 

♦8.50 

♦ 7.b5 

St.  0«v. 

3.08 

2.95 

3.b0 

three  subjects  the  blood  slcohcl  levels  were 

dose  to  0.07%  au.er  30  minutes.  The  other  two  subjects  were  given  two 

dotes  of  alcohol:  4 oi.  of  EO^roof  alcohol  initially  (uken  over  a period  of  fifteen  minutes)  and  a lubaerpicnt  dote  of 
2 oa.  of  tO-proof  alcohol  approximately  3S  minutes  after  finithinf  the  first  drink.  Blood  alcohol  Icvelt  were  not 
recorded  for  these  two  subjects. 

Table  V shows  the  results  for  the  five  subjects.  Within  oite  hour  after  drinkinf  alcohol,  three  of  the  subjects 
showed  an  esophortc  shift  (mean  - 1.2  prism  diopters)  and  two  showed  an  exophork  shift  (mean  • 1.}S  prism 
diopters).  The  alcohol  placebo  was  used  for  one  subject.  Under  this  condition  the  subject  showed  an  cxophoric  shift 
1 hour  post  infcstion. 

For  the  two  subjects  who  were  given  two  doses  of  alcohol,  the  phoria  was  measured  a number  of  times  during 
the  experiment.  Fig.  S depicts  the  time  course  of  their  phoria  measurements.  One  subject  (C.F.)  developed  an 
esnphoric  shift,  the  other  (L.T.)  an  cxophoric  shift. 

The  variable  directions  of  shift  in  our  five  subjeca  are  not  consistent  with  the  results  generally  reported.  In  the 
literature,  the  consensus  is  that  the  distance  phoria  almost  always  shifts  toward  esophuria  (.Moses,  1P70). 

c.  Librium 

Three  subjects  were  given  50  mg  of  Librium  and  their  phoria  wu  tested  pre  and  post  ingestion.  For  one 
subject,  the  phoria  measurements  were  repeated  on  a second  day  before  and  after  administration  of  25  mg  of 
Librium,  Within  one  hour  after  ingestion  of  50  mg  Librium,  all  three  subjects  showed  an  cxophoric  shift  (mean  ■ 1.1 
prism  diopters);  two  of  the  subjeett  showed  a return  to  their  pre-Librium  phoria  levels  within  3 hours  of  ingestion. 
Table  VI  lists  the  results  for  each  subject. 


C.  Optokinetic  Nystagmus 

1.  Pvocedurt  tnd  Comment 

The  onset  of  optokinetic  nystagmus  (OKN)  was  used  u a measure  of  the  objective  glare  recovery  time.  The 
duaili  of  this  test  and  the  role  of  OKN  are  diKussed  above  in  Specific  Experiments,  Section  A.  Our  preliminary 
experiments  in  a previous  study  (Jampolsky  et  al„  1970)  suggest  that  the  qualit>'  of  OKN  deteriorated  markedly 
after  a high  dose  of  alcohol.  The  OKN  became  very  irregular.  Using  a relatively  high  dose  of  marijuana  (22  mg  TilC), 
we  nodeed  similar  but  less  marked  changes  in  one  subject.  The  problem  of  quantifying  OKN  performance  is 
nontrivial,  since  amplitude,  frequency,  and  consistency  could  be  used  alone  or  in  various  combinations  as  the 
performance  criterion. 

2.  Results 

Our  preliminary  qualitative  analysis  suggests  that  after  smoking  marijuana  some  subjects  exhibit  noticeably 
reduced  amplitude,  velocity,  and  frequency  of  uccadic  eye  movements  in  their  OKN.  Many  subjects  had  lest  regular 
OKN. 
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Tibi#  VII;  Mmh  RMctton  Tim«  (MilltMtondt)  to  Slgnol  Lamp  lor  Randomitad  Oalayt 
lor  2. 3, 4.  and  ft  Saer<rtd«  Combinad;  Marlfuana  (12  mg  TMCI  and  Rlacabo  Traatmantt. 


HARIv»UAMA  RLACE30 


SUBJECT 

Pr« 

Saiok* 

Post 
1/2  hr 

Post 

. »»•* 

Pro 

Smolia 

Post 
1/2  hr 

Post 
1-3  hr 

001 

222.3 

266.1 

276.9 

237.8 

266.3 

196.1 

002 

256.0 

268.6 

269.1 

236.3 

267.5 

256.3 

003 

231.1 

262.7 

261.0 

236.0 

265.0 

221.0 

OOA 

221.3 

236.6 

227.5 

196.6 

221.1 

190.6 

007 

275.  J 

260.9 

256.0 

268.5 

271.9 

282.6 

010 

236.0 

202.5 

210.1 

226.1 

213.0 

197.9 

Olif 

330.5 

305.6 

308.0 

318.6 

306.3 

316. S 

015 

276.9 

275.1 

269.6 

262.0 

323.0 

308.3 

021 

258.8 

292.9 

298.9 

280.8 

256.6 

266.8 

022 

291.6 

291.3 

276.8 

265.8 

252.6 

295.9 

023 

250.9 

252.3 

225.5 

268.1 

268.0 

260.8 

02lf 

233.9 

282.9 

256.6 

268.5 

260.5 

253.5 

025 

277.9 

258.6 

286.6 

267.6 

259.9 

277.6 

026 

298.5 

301.9 

330.8 

283.6 

382.6 

317.5 

Mean 

261.22 

266.67 

266.07 

253.55 

266.58 

259.33 

St.  Dev. 

31.96 

28.02 

33.11 

29.92 

66.12 

66.37 

D.  Kaactiun  Time 

1.  l*roit‘JHrc 

Objective  recortling  o!  a subject’s  simple  reaction  time  in  releasing  his  index  tinger  from  a button  following  the 
onset  of  I light  bulb  was  measured  tor  pre  determined  delay  times  of  two,  three,  four,  and  five  seconds.  The 
ptcsenuiion  of  the  .lelaj  limes  was  randomi/ed.  thus  preventing  tiu  sobjeci  from  anticipating  when  the  onset  of  the 
light  w.Hild  iH-cur  A total  of  eight  trials  (each  delav  time  presented  twice)  was  invoUed  at  each  sitting.  Release  of 
the  finger  from  the  button  stopped  a clock;  the  reaction  time  was  recorded  in  milliseconds.  Simple  reaciion  time 
was  measured  before  and  after  drug  and  placebo  administration.  Tests  were  made  20  to  4$  and  60  to  180  minutes 
following  the  drug  treatment. 

Two  forms  of  data  analysis  were  employed.  The  first  involves  the  recording  of  the  mean  reaction  time  for  the 
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TflMt  VIII,  Pwcvntafi  Chantt  In  fiLaetion  Tima  for  ifandtoiiad  Owlayt  of  2. 3. 4,  or 
6 Soeondi  In  Slfnal  Lamp;  Mari|uana  (12  ntf  THCI  and  flaoibo  Traatmantt. 

fWIUWWA  KACt»0 


SUIdECT 

0*l«y 

kJtSSL 

Onlay 

i-8Sl 

Onlay 

Onlay 

USL 

Onlay 

USL 

Onlay 

JLlSi 

Onlay 
4 >nc 

Onlay 
5 ana 

001 

♦0.7 

•47.1 

-7.9 

•30.9 

-»7.4 

♦15.9 

“12.1 

♦2.0 

002 

♦15.0 

•12.8 

♦0.4 

♦9.5 

♦Ic  5 

-13.0 

-22.0 

-4.4 

00) 

•25.5 

•15.4 

-5.9 

-8.5 

♦7.0 

-0.4 

-18.5 

-9.8 

004 

■M.) 

-5.5 

♦11.3 

-18.4 

-28.2 

-31.1 

♦1.5 

♦0.5 

007 

0 

♦5.7 

♦12.1 

♦l.l 

•40.1 

•14.: 

♦15.5 

-2.) 

010 

♦10.8 

♦20.0 

♦9.5 

♦15.8 

•2.0 

♦29.8 

-10.5 

♦14,9 

014 

♦1.2 

♦2). 7 

•1.5 

♦37 

-29.4 

-3.0 

♦ 12.5 

♦5.2 

01  s 

♦52 

-3.4 

-2.5 

•4.0 

-27.) 

-38.9 

-25.1 

•5.5 

021 

♦4.7 

-32.2 

•42.8 

♦1.8 

♦17.9 

-5.7 

-3.7 

H8.J 

022 

♦15.7 

♦ 15.4 

•4.5 

♦3.4 

♦9.7 

-31.5 

♦ 12.7 

♦23.5 

023 

•8.7 

-5.5 

♦12.5 

•2.5 

-lO.I 

•9.2 

♦D.5 

•28.8 

024 

•12.1 

♦5.) 

•14.7 

•42.4 

♦II.  1 

♦0.9 

-18.9 

♦12.2 

025 

•1.5 

♦5.7 

♦8.5 

♦13.4 

•15.5 

♦13.0 

♦0.8 

♦11.7 

025 

♦2.5 

•8.4 

•5.5 

-n.2 

-9.3 

-15.1 

-47.5 

-85.0 

XMn 

St.Otv. 

♦0.15 

11.55 

•5.34 

19.03 

-2,35 

14.54 

-5. 01 
15.39 

pre*  and  poat^ni|  tTeaintentt.  The  second  involves  the  percentafe  change  in  the  reaction  time  when  the  prc>  and 
post-drug  reaction  times  are  compared  as  follows;  100  (Pre<PostVl>re.  Using  this  form  of  analysis,  the  percentage 
change  in  reaction  time  can  be  calculated  for  each  delay  time  alone  or  for  all  delay  times  collectively  (8  trials). 

2.  Renin  snd  Comments 
a.  Marijuana 

Reaction  time  experiments  were  performed  on  14  subjeca  for  both  placebo  and  marijuana  treatments.  The 
mean  icaction  times  of  each  subject  for  all  delay  times  combined  are  presented  in  Table  VII  together  with  the  group 
means  and  standard  deviations.  There  is  no  significant  change  in  icaction  time  for  the  group  after  smoking  placebo 
or  marijuana. 

The  percentafe  eb«Nge  in  reaction  time  after  smoking  was  calculated  for  each  subject  for  each  delay  period.  The 
results  are  shown  in  Table  VIII  and  are  illustrated  graphically  in  Fig.  6.  Again,  r iere  is  no  apparent  change  in 
reacdoii  time  for  the  group  even  when  the  results  are  considered  as  a percentage  change  for  each  of  the  delay  times. 

TtiCse  results  are  consistent  with  other  reports  for  simple  reaction  time  experiments  done  in  conjunction  with 
marijuana  smoking.  Most  of  the  literature  suggests  that  little  or  no  change  in  simple  reaction  time  occurs  after 
smoking  marijuans.  However,  when  the  task  is  complex  or  unfamiliar,  changes  in  reaction  time  are  reported  (Weil, 
et  al.,  196€i  Moakowits  et  al.,  1972).  We  originally  included  the  reaction  time  experiments  as  a control  for  our  glare 
recovery  experiments,  reported  in  Section  A above.  If  subjectively  determined  glare  recovery*  times  had  been  longer 


5 


, — r— 

1 ” 't  ' j t 

MMmAf4A 

• 

n 

♦10 

• 

«*  - • 

• • 

♦10 

1 ! : 

* “ • • 

• 

0 

_4_  _ : i- 

: J • 

. -a-  Jl 

**  • • • 

1 • . 

s 

« • 

• 

-to 

• * . • 

c • ‘ 

'10 

* • 

• t 

• 

• 

• 

-ao 

i * 

• 

o ** 

« • 

• 

. 

-so 

-so 

-ro 

-so 

• 

-♦r 

i i 4 r 

< S 4 S 

STIMULUS  DELAY  (SECONDS) 


Fig.  6:  Parctntagt  change  in  reaction  lima  1/2  hour  after  tmoking  maitjuana  and 
placebo  compered  to  pre-smoke  values;  each  of  14  subjects  was  tested  using  4 delays  in 
the  light  stimulus. 


than  ttur  olijcctis'cly  determined  times,  then  we  wtHild  need  to  know  if  the  lunger  times  were  related  to  a change  in 
button  press  reaction  time.  As  has  already  been  shown,  subjectise  glare  recover)  tiroes  tended  .o  Ire  shorter  than 
objective  times;  the  results  of  <mr  reaction  tinre  experiments  are  therefore  not  crucial  in  the  analysis  of  glare 
recover)'  time  data, 
h.  Alcohol 

Reaction  time  experiments  were  jrerformed  on  three  subicois  using  the  same  dose  used  in  ihc  glare  rccoverv 
task  0.012  or. /lb.  body  we.ghtl.  The  results  arc  presrnu'd  in  I'ablc  l,\,  and  suggest  that  simple  rt  aciion  time  is  onl\ 
slightiv  altered  in  each  subje  i.  Two  of  the  three  sulnecis  slutwcd  .in  increase  in  reaciion  linu  btllowing  alcohol 
intoxication.  There  is  no  signiiicani  trend  fvir  the  group  although  die  group  reaction  time  is  slighily  longer  1/2  hour 
after  drinking  alcohol, 
c.  I.ibrium 

Three  subjects  were  given  oral  doses  of  I.ibrium  under  the  same  conditions  as  outlined  fur  the  glare 
recover)’  task.  As  with  the  alcohol,  there  is  no  signit'icani  change  in  leaction  time  for  the  group.  The  results  fur  each 
subject  are  shown  in  Table  IX. 

K.  Intraocular  Pressure 


1 . /Vi«  t‘,/wir  iiHii  ( omnii  Ht 

llte  pressure  witbin  the  human  eye  (about  15.5  mm  llg)  helps  the  c\  c maintain  its  spbcricai  shajH*  and  provide 
nutriment  flow  to  its  tissues.  Klcv.itcd  intrainular  pres.sure  is  associated  vciih  the  disease  glaucoma  whcicin 
iricvcrsibic  loss  of  vision  c;in  iwcur  ()cul;ii  hypotension  is  often  associated  wiih  uveitis  anil  retinal  detachment 
(Moses,  1970). 

(ntraocular  pressure  (K)i’)  was  measured  on  all  subjects  with  a Mackay-Marg  electronic  tunometci  and  on  some 
subjects  with  a Ciuldmann  t«inumctcr  for  comparison.  One  drop  of  U.S  percent  Ophthaine  was  used  fur  topical 
anesthetic  with  both  instruments;  fluorc^icinr  was  also  used  with  the  (ioUimann  tonometer.  When  Cioldmann 
tonometry  was  used,  it  was  performed  licfore  Mackay-Maig  tonometry.  The  right  eye  was  always  measured  first. 
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TabI*  IX:  Mmo  RMction  Tim*  (Millliacondt)  to  Signal  Lamp  for  Randomiaad  Dalayt 
of  2. 3, 4.  and  6 Saconda  Combinad;  Alcohol  (0.012  oiTIb)  and  Librium  (26  and  50 
mg)  Traatmants. 


ALCOHOL 

PLACEBO 

Pre- 

Pott 

Post 

Pre- 

Post 

Post 

SUBJECT 

f^ngest. 

)/2  hr 

)-3  hr 

IngeSt. 

)/2  hr 

1-3  hr 

004 

207.) 

236.5 

230.8 

0)4 

300.4 

289.8 

276.3 

274.4 

272.3 

279.5 

023 

232.0 

243.0 

223.9 

Hean 

246.5 

256.43 

243.67 

St. Dev. 

48.3) 

29.08 

28.47 

LIBRIUM  -50 

"»g- 

LIBRIUM  - 

25  mg. 

004 

2)). 8 

226.3 

204.8 

014 

285.4 

259.4 

288.0 

259.3 

280.0 

264.1 

023 

2)8.) 

204.4 

2)3.9 

Nean 

238.43 

230.03 

235.57 

St. Dev. 

40.80 

27.69 

45.64 

Between  five  and  ten  measurements  (tonograms)  were  taken  on  each  eye  with  the  Mackay-Marg  tonometer,  and 
three  measures  with  the  Goldmann.  For  the  group  data,  the  lOP  was  taken  as  the  mean  of  the  three  tonograms 
having  the  best  waveforms  and  giving  the  lowest  consistent  readings.  For  comparison  of  lOP  widiin  individuals,  the 
mean  of  all  readings  was  used  for  Mackay-Marg  and  Goldmann  tonometry. 

On  a given  day,  several  sets  of  tonometry  readings  wera  taken  about  twenty  minutes  apart  before  the  drug  was 
administered.  In  the  nurijuana  experiments,  tonometer  readings  were  routinely  obtained  approximately  5,  30,  80, 
120,  and  180  minutes  after  smoking. 

Fifteen  subjects  participated  (double  blind)  in  the  fOP  experiments,  each  subject  receiving  the  12  mg  THC  and 
placebo  treatments  randomly  on  alternate  days.  Six  of  the  subjects  returned  on  other  days  for  hi^er  dose  (22  mg 
THC)  experiments,  Goldmann  comparison  experiments,  or  alcohol  and  Librium  experiments. 

2.  Results  and  Comments 
a.  Marijuana 

Table  X shows  the  Mackay-Marg  tonometry  measurements  for  the  right  eyes  of  IS  subjects  given  12  mg 
THC  and  placebo.  The  mean  pressures  before  smoking  were  slighdy  lower  for  marijuana  (14.6  mm  Hg)  than  for 
placebo  (15.2  mm  Hg).  Comparison  of  lOP  for  the  two  treatments  at  the  same  time  periods  after  smoking  shows  a 
greater  number  of  lower  pressures  as  well  ,s  greater  post-smoke  decreases  for  marijuana  dian  placebo.  Thirteen  of 
the  15  subjects  exhibited  decreased  lOP  following  marijuana,  v/ith  the  lowest  pressures  being  recorded  5 min.  post  in 
2 subjects;  30  min.  post  in  3;  80  min.  post  in  2;  120  min.  post  in  5;  and  180  min.  post  in  one  subject.  Combining 
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Table  K:  Intraocular  Pressure  (mm  Hg)  after  Smoking  Marijuana  (12  mg  THC)  or 
Placets. 


KAM  JUANA  PUCEIO 


SUBJECT 

Pre- 

5 min 

Post 
5 win 

Post 
30  min 

Post 
80  min 

Post 
120  mtn 

Post 

180  siln 

Pro- 

5 min 

Pott 
5 min 

Post 

30  win 

Post 

80  min 

Post 

120  nin 

Post 

I80  min 

003 

11.8 

II. 0 

9.8 

7.2 

10.2 

10.5 

15.5 

12.5 

15.2 

IS. 3 

15.8 

15.7 

00<i 

14.3 

12.5 

12.3 

10.8 

13.5 

11.5 

11.5 

12.7 

13.2 

12.0 

9.3 

11.3 

005 

14.8 

19.0 

16.2 

15.3 

13.7 

15.7 

16.3 

14.3 

17.2 

15.3 

17.6 

15.7 

O 

o 

20.0 

14.0 

18.7 

19.3 

16.3 

17.7 

16.0 

17.5 

15.0 

18.3 

16.5 

19.2 

C08 

14.3 

11.5 

13.8 

12.5 

10.5 

12.7 

12.3 

18.5 

13.0 

14.2 

14.3 

— 

010 

13.3 

9.3 

6.9 

8.4 

10.4 

lO.S 

12.0 

12.0 

13.5 

12.5 

15.2 

14.0 

01 1 

17.7 

15.0 

15.2 

16.7 

18.5 

21.7 

15.3 

18.5 

18.3 

16.8 

20.6 

18.7 

014 

15.2 

13.2 

12.7 

12.0 

11.7 

15.5 

19.7 

18.3 

18.7 

20.3 

19.3 

— 

015 

13.5 

16.3 

15.5 

14.8 

16.0 

14.0 

19.2 

14.3 

16.0 

17.8 

19.3 

18.3 

021 

17.5 

11.5 

13.7 

13.5 

13.5 

12.0 

14.0 

11.5 

12.3 

9.8 

12.7 

13.0 

022 

12.7 

11.3 

9.8 

10.0 

8.7 

10.0 

12.0 

14.8 

13.8 

14.5 

10.3 

15.3 

02  3 

12.3 

11.2 

10.2 

10.7 

11.2 

13.8 

15.2 

12.5 

12.5 

10.8 

8.5 

10.3 

024 

13.2 

13.0 

13.3 

12.7 

11.7 

13.2 

13.3 

12.0 

12.0 

14.0 

15.6 

15.8 

025 

14.7 

10.0 

10.5 

10,3 

13.5 

9.5 

16.0 

15.5 

13.3 

13.0 

10.2 

10.7 

026 

13.3 

16.3 

14.2 

13.8 

17.3 

14.3 

17.0 

16.0 

14.2 

17.2 

16.5 

15.3 

Mean 

14.6 

13.0 

12.9 

12.5 

13.1 

13.5 

15.2 

14.6 

14.5 

14.8 

14.8 

14.9 

Olff. 

-1.6 

-1.7 

-2.1 

-i.5 

-l.l 

-0.6 

-0.7 

-0.4 

-0.4 

•0.3 

1 Oiff. 

-10.9 

-11.6 

-14.3 

-10.2 

-7.5 

-3.9 

-4.6 

-2.6 

-2.6 

-1.9 

St.Oev. 

2.3 

2.7 

3.0 

3.2 

2.9 

3.3 

2.6 

2.4 

2.) 

2.9 

3.8 

2.9 

data  from  all  subjects  indicates  that  the  greatest  mean  drop  from  baseline  levels  is  2.1  mm  Hg.,  representing  a mean 
decrease  of  14.3  percent.  Corresponding  results  are  noted  for  the  placebo  at  30  rninuus  with  a decrease  of  0.7  mm 
Hg  (4.6  percent  decrease).  Visualization  of  the  comparative  lOP  time  courses  for  the  two  treatments  is  provided  in 
Fig,  7 where  the  mean  lOP  values  for  placebo  have  all  been  reduced  by  0.6  mm  Hg  to  equate  the  mean  pre-smoke 
pressure  (15.2  mm  Hg)  with  that  for  marijuana  (14.0  mm  Hg).  In  essence,  the  placebo  lOP  curx’e  has  been  lowered 
on  the  graph  (Fig.  7)  so  that  the  pre-smoke  mean  pressures  coincide. 

The  distribution  of  the  group  lOP  measures  at  any  test  time  is  indicated  by  the  standard  deviations  (Table  X) 
which  range  from  2.1  to  3.8  mm  Hg  and  average  between  2.8  and  2.9  mm  Hg  fur  both  treatments.  In  the  face  of 
standard  deviations  of  this  magnitude,  it  seemed  unlikely  that  a 1.7  mm  Hg  difference  between  the  two  curves  at  80 
minutes  after  smoking  would  be  statistically  significant.  Indeed,  the  Walsh  test  (Siegel,  1956),  a powerful 
nonparametric  alternative  to  the  t-te$t,  indicates  that  the  group  marijuana  and  placebo  curves  (Fig.  7)  are  nut 
significantly  different  (at  the  0.05  level)  at  the  80-minute  or  at  any  other  post-smoke  test  time. 

What  is  of  fundamental  interest  is  the  prv-  vs.  post-smoke  ebang  ' in  pressure  resulting  from  marijuiiiia  compared 
to  placebo.  Table  XIa  shows  these  changes  in  lOP;  minus  numbers  indicate  a larger  drop  in  pressure  after  smoking 
marijuana  than  placebo.  Statistical  analysis  by  the  Walsh  test  (Siegel,  1956)  indicates  that  the  comparative  changes  in 
lOP  are  not  significant  at  the  0.05  level  for  any  test  time  except  at  80  minutes  post-smoke  where  the  1.7  mm  Hg 
greater  drop  in  pressure  with  marijuana  i.s  significant  at  the  0.02  level.  While  a relative  (marijuana  vs.  placebo)  mean 
decrease  of  1.7  mm  Hg  in  lOP  80  minutes  after  smoking  is  statistically  significant,  this  decrease  may  be  practically 
(or  clinically)  insignificant.  Indeed,  diurnal  variations  in  lOP  are  at  least  twice  as  large.  A relevant  question  is 
whether  the  several  large,  individual  post-smoke  lOP  decreases  are  repeatable  and,  if  so,  whether  such  decreases  are 
characteristic  of  the  subject  or  of  some  response  to  the  marijuana.  Most  of  the  remaining  aspects  of  this  lOP  study 
were  directed  at  this  question. 
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Fig.  7;  Time  course  of  meen  intraocular  pressure,  pulse  rate,  and  subjective  high  rating 
for  14  subjects  who  smoked  marijuana  or  placebo  (shaded  area). 


As  will  be  documented  below  in  Section  J,  pulse  rates  peaked  on  the  avenge  about  5 min.  post  marijuana  and 
were  essentially  normal  by  80  min.  post.  Further,  as  is  documented  in  Section  K,  mean  “high"  ratings  were  highest 
30  min.  post  marijuana.  These  results  are  presented  in  Fig.  7 for  coir>pari$on  with  the  mean  lOP  time  course.  It  will 
be  noted  that  widiin  5 minutes  after  smoking  marijuana,  the  mean  lOP  had  dropped  to  about  75  percent  of  its 
minimum,  and  the  average  “high"  rating  reached  about  90  percent  of  its  maximum.  Physiological  and  psychological 
effects  of  the  marijuana  were  fully  or  nearly  fully  demonstrable  within  S minutes  after  smoking  marijuana. 
Parenthetically,  the  same  observation  was  true  for  the  placebo,  where  lesser  changes  followed  a similar  time  course. 

Of  special  interest  is  the  Hnding  that  the  mean  lOP  was  at  its  minimum  at  a time  (80  minuter  post-marijuana) 
when  the  mean  pulse  rate  had  already  returned  to  pre-smoke  base-line,  but  die  mean  high  rating  was  still  at  about  70 
percent  of  its  nuximum  (Fig.  7).  In  other  words,  lOP  showed  an  early  decrease  that  was  sustained  for  two  hours;  the 
pulse  rate  exhibited  an  immediate  increase  but  was  back  to  normal  by  80  min.;  the  “high"  rating  showed  an  early 
rapid  rise  and  a slow  decline  during  the  second  and  third  hours  after  marijuana.  These  results  suggest  that  the 
marijuana-induced  lOP  decrease  may  be  associated  more  with  the  “h^"  than  with  blood  THC  as  indicated  by  pulse 
rate  (Galanter  et  at.,  1972).  Additional  support  for  this  notion  is  the  return  to  base-line  value  of  both  lOP  and  high 
rating  at  about  four  to  five  hours  after  marijuana. 

Other  investigators  (Moses  et  at.,  1962)  have  established  a high  correlation  (-K).93)  between  lOP  measurements 
made  on  different  subjects  with  the  Goldmann  and  Mackay-Marg  tonometen.  Nonetheless,  for  several  subjects  in  the 
present  experiments,  both  tonometers  were  used  in  order  to  rule  out  possible  systematic  measurement  error  with  the 
Mackay-Marg  tonometer.  Both  tonometers  indicated  similar  lOP  measures  for  each  subject  tested.  An  example  is 
shown  in  Fig.  8 where  the  readings  from  the  two  tonometers  are  significantly  correlated  for  both  nurijuana  and 
placebo  (r,  » -fO.86  and  >0.81,  respectively;  N ■ 7 and  N - 8;p  < O.OS). 

Because  Subject  R.S.  (003)  showed  such  a clear-cut  decrease  in  lOP  with  marijuana  and  relative  stability  of  lOP 
with  placebo,  it  was  decided  to  have  him  return  in  order  to  ascertain  the  repeatability  of  the  marijuana-lOP  effect. 
Fig.  9 shows  the  results  for  three  pairs  of  trials,  the  control  (placebo  or  no-smoke)  curve  in  each  case  being 
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TabI*  XIa:  Changa  in  Intraocular  Pratsura  (mm  Hg)  aftar  Smoking  Marijuana  (12  mg 
THC)  Ralativa  to  Change  in  Pressure  aftar  Smoking  Placaho;  Nagativa  Numbers 
Indicate  Larger  Pressure  Drop  after  Smoking  Marijuana  than  Placebo. 

(Pott  (tor I lu*na*ar»  WarIJifna)  - (fost  aticaao-fra  fUcabo) 
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Fig.  8:  Comparison  of  Mackay-Marg  and  Goldmann  tonometer  measurements  on  a 
subject  who  smoked  (shaded  area)  marijuana  and  placebo. 
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Fig.  8:  Repeatability  of  marijuana  and  control  effecis  on  intraocular  pressure  for  one 
subject  tested  orer  a 3 month  period.  Fairs  of  curves  matched  at  last  pre-marijuans 
measurement.  Standard  deviations  indicotad  by  vertical  bar  segments  above  or  below 
mean  pressure. 


positioned  vertically  so  that  its  last  base-line  measurement  matched  the  last  pre-marijuana  measurement.  Not  only 
did  the  lOP  drop  persist  with  subsequent  trials  (A  through  C),  but  the  magnitude  of  the  drop  increased  from  about 
4.6  to  6.7  to  7.4  nun  Hg.  The  reality  of  these  lOP  decreases  with  maiijuana  is  indicated  by  the  separarion  of  the 
marijuana  curves  from  the  control  curves  and  by  the  separation  of  the  standard  deviation  error  bars  which  are 
plotted  at  the  test  rime  corresponding  to  the  lowest  lOP  obtained  with  marijuana.  There  is  a suggestion  that  the  lOP 
effect  was  greater  with  the  subsequent  smoking  of  12  mg  TI!C,  and  also  that  the  lOP  effect  occurred  sooner  with 
subsequent  trials. 

Only  7 cf  15  subjects  exhibited  a clear  decline  in  lOP  after  marijuana.  These  subjects  appeared  less  anxious, 
more  relaxed,  and  more  sleepy  during  the  experiment  than  the  subjects  who  had  little  or  no  lOP  drop.  An  item 
analysis  was  performed  on  the  responses  to  the  Subjective  Drug  Effects  Questionnaire  (SDEQ)  (cf.  Section  L)  given 
to  each  subject  at  the  end  of  the  day’s  trials.  Subjects  with  greater-dian-mean  lOP  drop  after  marijuana  reported  the 
fdlowing  symptoms  sighificantly  more  often  (p  < 0.03  by  the  Fisher  exact  probability  test)  than  did  subjects  with 
less-than-mean  pressure  drop:  thinking  seemed  fuzzier,  eyes  felt  as  if  closing,  arms  or  legs  felt  weaker,  felt  more  at 
peace  with  the  world,  felt  dopey,  and  thoughts  moved  slower.  Other  related  symptoms  checked  more  often  by 
subjects  with  above-average  lOP  drop  were:  felt  pleasantly  tired  and  sleepy  (p  * 0.08)  and  felt  sleepier  (p  » 0.12). 

Correlational  anaiyris  was  performed  on  post-marijuana  lOP  change  and  several  relevant  variables  (Table  Xlb). 
Two  points  deserve  mention.  First,  lOP  change  is  independent  of  pulse  rate  increment,  but  it  is  positively  related  to 
the  maximum  “high”  rating  and  to  the  score  on  the  6-item  SDEQ  scale  pertaining  to  peaceful  relaxation  and 
tiredness.  Second,  amount  of  marijuana  experience  is  inversely  related  to  lOP  drop  and  to  both  subjeedw  measures 
(maximum  “high”  rating  and  the  6-item  SDEQ  scale);  marijuana  experience  is  independent  of  pulse  increase. 
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Tabit  Xib:  Ranking  of  Subiacti  by  Ralativa  Marijuana-Inducad  Changa  in  Intraocular 
Prauura  (Saa  Column  4,  Tabla  XU);  Alao  Tabulated  ara  Savaral  Relevant  Variables; 
Spearman  Rank  Correlation  Coefficients  Relating  Pairs  of  These  Variables  are  Shown 
at  Bottom  (Coefficients  Larger  than  0.44  and  0.62  are  Significant  at  the  0.05  and  0.01 
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Blood  plasm*  concentndon  of  A**THC  hu  been  reported  by  Galanter  er  a/.  (1972)  to  be  highly  correlated  with 
increaae  in  pulse  rate.  Doer  of  smoked  marijuana  hu  b^n  found  by  aeveral  investigaton  to  be  related  to  heart  rate 
increau  (Renault  rr «/.,  1971  i Johnson  er  al.,  1971 1 Kiplinger  er  al.,  1971).  Volavka  er  ai.  (1973)  believe*  heart  rate 
increase  is  so  closely  related  to  marijuana  dose  that  it  can  be  used  u a bioasuy  of  TIIC.  To  the  extent  that  the 
hypothesised  relationship  between  blood  THC  and  pulse  rate  holds  in  our  sample,  lOP  drop  would  be  independent 
of  plasma  THC  concentration.  In  any  case,  lOP  drop  in  our  subjects  is  related  more  to  the  subjective  effects  of 
smoking  marijuana  than  to  the  increase  in  pulse  rate. 

Tolerance  to  certain  marijuana  effects  is  indicated  from  our  results  (Table  Xlb).  Individuals  who  used  marijuana 
the  most  tended  to  have  litde  or  no  lOP  drop  (r,  » -0.61 ),  and  reported  few  dnig-induced  symptoms  of  peaceful 
lelaMtion  and  tiredness  (r,  ■ -0.78).  Subjects  who  used  marijuanau  much  u 4 times  per  week  and  stayed  “stoned" 
all  day  on  about  half  the  smoking  occasions  (Table  Xlb,  subjects  007  and  OIS)  exhibited  litde  or  no  IOPdrop;of  9 
subjects  with  leu  than  diis  usage,  7 exhibited  a clear  drop  in  f(^  (Table  Xlb,  fint  7 subjects).  Also  the  "high" 
tarings  of  the  more  frequent  users  vras  lower  than  those  for  leu  experienced  users  (r,  - -0.61 ) which,  however,  may 
be  attributed  to  a scaling  factor  since  a rating  of  100  is  defined  as  die  “highest"  a subject  has  ever  felt  after  smoking 
marijuana. 

In  Table  Xlb,  the  subjects  are  ranked  according  to  their  change  from  baseline  intraocular  prcuure  (lOP)  80  min. 
after  smoking  12  nng  of  natural  THC  relative  to  the  chairge  from  baseline  lOP  80  min  after  smoking  placebo.  Alto 
tabulated  are  the  nuximum  percent  increase  in  pulse  rate,  the  subject’s  maximum  assessment  of  his  “high”  on  a 0 to 
100  scale,  and  the  subject's  score  on  a 6-item  scale  pertaining  to  peaceful  relaxation  and  tiredneu  extracted  from  a 
272-item  check  list  comprising  the  Subjective  Dru^  Effects  Questionnaire.  The  last  column  ranks  the  subjects 
according  to  previous  experience  in  smoking  marijuana,  rank  1 being  auigned  to  the  heaviest  use.  Spearman  rank 
correlation  coefficients  (r^)  are  read  acrou  the  bottom.  Coefficients  larger  than  0.44  and  0.62  are  significant  at  the 
O.OS  and  0.01  levels,  respectively.  Thus  the  correlation  (>0.11)  between  lOP  drop  and  the  maximum  pulse  increment 
after  smi  king  nurij.<ana  is  sutistically  Insignificant.  However,  lOP  drop  is  significantly  correlated  with  the  other  3 
variables  (>0.S7,  >0.83,  and  -0.61)  indicating  that  subjects  who  had  die  larger  lOP  decreases  after  smoking 
marijuana  tended  a)  to  feel  more  “high,"  b)  to  experience  mote  of  6 symptoms  on  the  Subjective  Drug  Effects 
Questionnaire  relating  to  peaceful  relaxation  and  tiredness,  and  c)  to  be  less  experienced  in  using  marijuana. 

The  mechanism  by  which  marijuaiu  reduces  lOP  is  not  understood.  Green  and  Pederson  (1973)  applied  THC 
directly  to  the  excised  ciliary  body  of  rabbit  and  found  a pronounced  decrease  in  fluid  secretion  and  an  increase  in 
ultrafiltrstion.  Of  these  two  changes,  only  the  decreased  secretion  is  consistent  with  the  marijuana-induced  lUP 
drop  they  also  observed  in  rabbit.  For  man,  they  emphasized  that,  “if,  however,  one  accepts  the  view  that 
ultrafiltration  is  the  most  important  process  in  aqueous  formation  . . . then  one  must  look  elsewhere  for  a suitable 
explanation.” 

in  our  study,  the  ob^icrved  decrease  in  lOP  in  7 of  15  subjects  could  have  resulted  from  a direct  effect  of 
marijuana  on  the  ocular  fluid  dynamics.  On  the  other  hand,  part  of  the  marijuana-induced  lOP  drop  may  have  been 
an  epiphenomenon  or  secondar>’  effect  associated  with  the  subjective  state  created  by  the  drug,  indeed,  we  found 
that  “high”  rating  and  the  6-item  SDEQ  (relaxation)  score  were  significantly  correlated  with  lOP  drop,  and  we 
conjectured  from  pulse  rate  analysis  that  Mood  THC  was  probably  not  associated  with  the  observed  lOP  decrea.ses. 

The  idea  that  lOP  can  be  reduced  through  changes  in  the  psychophysiological  state  of  the  subject  is  supported 
by  reports  of  lOP  decline  following  exercise  (1-empert  et  al.,  1967;  Stewart  ct  at.,  1970;  Marcus  et  at.,  1970; 
Leighton  and  Phillips,  1970),  by  the  successful  treatment  of  primary  ^aucoma  at  health  resorts  thet  emphasize 
therapeutic  exercise  and  mineral  baths  (Goncharov,  1967;  Marsov,  1968;  Mayachenkova,  1970),  and  by  the  clinical 
observation  that  some  glaucoma  patients  show  substantially  towered  lOP  after  a day  of  hospital  bed  rest  with  no 
change  in  therapeutic  drug  usuage. 

Social  use  of  marijuana,  particularly  in  relatively  inexperienced  users,  may  lead  to  unusually  low  lOP.  Several  of 
our  subjects  had  post  marijuana  lOP  measurements  as  low  as  7 or  8 mm  Hg.  Therapeutic  use  of  marijuana  for  the 
treatment  of  glaucoma  seems  premature  considering  the  present  state  of  knowledge  of  the  drug’s  action  (I  lepler 
et  al,  1972:  Shapiro,  1974).  Our  results  suggest  an  indirect  effect  of  the  drug  mediated  through  relaxation  and 
tiredness  - a psychophysiological  state  that  can  be  produced  by  drug  and  nondrug  means.  However,  heavy  use  of 
marijuana  appears  to  prevent  an  lOP  drop  after  smoking  the  drug.  If  lOP  can  be  reduced  by  marijuana,  alcohol,  or 
Librium  (drugs  which  tend  to  produce  relaxation)  as  well  as  by  nondrug  means  such  as  mild  exercise,  mineral  baths, 
or  hospital  rest,  then  it  seems  legitimate  to  propose  that  a search  for  means  of  controlling  or  preventing  high 
intraocular  pressure  shouH  include  the  possible  r»le  of  relaxation. 
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b.  Alcohol « ubrium  i 

F.xperiments  with  these  drugs  were  undertaken  in  an  aiiempi  to  clarify  the  above  results  obtained  with  | 

marijuana.  Marijuana,  alcohol,  and  Librium  are  known  to  be  reUxants.  .Marijuana  and  alcohol  have  diuretic  effects 
(Ames,  1958;  Houle  at  Granr,  1967),  and  marijuana,  at  moderate  doses  and  Librium  have  anti-anxiety  effects 
(Tart,  1971 ; and  LeUain  cr  u/.,  1970),  It  was  reasoned  that  if  all  three  drugs  produced  similar  decreases  in  lOP,  then  j 

the  lOP-reducing  ms  ism  of  marijuana  might  be  attributed  to  some  combination  of  rela.xat  on,  diuresis,  and  loss  j 

of  anxiety. 

The  comparative  results  of  our  experiments  on  3 subjects  are  illustrated  in  Fig.  10.  Two  of  the  subjects  showed 
an  obvious  decline  in  lUP  with  marijuana,  with  a greater  drop  following  22  mg  TIIC  than  following  12  mg.  All  three 
subjects  had  an  lOP  decrease  with  alcohol  and  (50  mg)  Librium  that  lasted  somewhat  longer  than  with  marijuana. 

Scores  on  the  6-itetn  SUEQ  scale  were  low  (1  or  2)  following  alcohol,  and  were  higher  (average  of  3)  after 
Librium.  This  result  suggests  that  the  lOP  drop  with  alcohol  may  not  be  associated  with  the  same 
psychophysiological  state  found  with  marijuana.  However,  the  decline  in  lOP  with  Librium  may  oc  similar  in 
mechanism  to  that  caused  by  marijuana. 

Since  Librium  is  not  known  to  be  a diuretic  and  our  experiments  showed  it  to  produce  lOP  decreases,  it  is  ! 

necessary  to  leave  open  the  possiblity  that  the  lOP-decreasing  effect  of  marijuana  may  in  part  be  associated  with  the  j 

psychophysiological  action  of  the  drug.  In  addition,  the  diuretic  action  of  marijuana  may  also  contribute  to  the  lOP  ! 

decrease  as  occurs  with  alcohol  ingestion  (Houle  and  Grant,  1967).  | 
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t 

F.  Saccadic  Eye  Movements  \ 

1 . ProceJurf 

Two  sjnall  spots  of  light  were  separated  horizontally  by  4 degrees  and  were  viewed  through  D lenaet  against  a 
light  background  at  25  cm.  from  the  lenses.  The  spots  were  illuminated  alternately  and  the  subject  observed  the 
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Table  XII:  Mariiuana  (12  mg  THC)  Effect*  on  Simple  Eye  Movement  Rhythm,  Average 
Dwell-Time  Error  for  Ten  FlKation*  on  Two  Previoutly  Flaching  Light*  (L-R>L-R); 
Dividing  Tabulated  Score*  by  25  Give*  Owell-Tinw  Error  in  Second*;  Minu*  Value* 
Indicate  Longer  Dwetl-Time*  than  Previou*  Stimulu*  On-Time*;  Pott  Minu*  Pra-*moke 
Vaiue*  that  are  Po*itive  Indicate  Increaae  in  Saccadic  Rhythm  and  Speeding  of  the 
internai  Clock. 
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lights  and  esublished  a rhythm  of  saccadic  eye  movements  from  side  to  tide.  The  lights  remained  on  for  O.g  seconds 
on  each  side  with  a dark  period  of  0.2  seconds  between  one  light  extinguishing  and  the  other  coming  on.  Following 
10-14  cycles  of  flashing  lights,  the  flashing  was  stopped  and  the  subje^  .'s  task  was  to  continue  the  previous  saccadic 
eye  movement  rhythm.  McasurenKnt  of  the  subject's  eye  movements  reflects  the  ability  of  the  subject  to  replicate 
the  original  timing  of  the  flashing  lights. 

A second  more  complex  test  was  introduced  early  in  the  study  in  an  attempt  to  demonstrate  changes  which 
might  result  from  marijuana  intoxication.  The  major  difference  between  this  test  and  the  "simple”  saccadic  eye 
movement  task  described  above  was  in  the  pattern  of  light  flashing.  The  left-right-left-right  (L-K-L-R)  sequence  of 
the  simple  stimulus  was  repLced  by  a “L-R-R-L-R-R-L”  sequence.  This  sequence  required  the  subject  to  fixate  a 
greater  time  on  the  right-hand  light  (1.2S  seconds)  than  on  the  left  light  (0.5  seconds),  both  during  the  flashing  light 
sequence  and  during  the  period  in  which  Klf  generated  saccadic  rhythm  was  required.  The  dark  interval  between 
right  and  left  lights  was  0.25  seconds. 

The  time  spent  on  each  side  wa.s  measured  and  compared  to  the  actual  time  that  the  eyes  should  have  spent  on 
that  side  if  the  subject  was  maintaining  the  original  rhythm.  The  difference,  recorded  in  millimeters  distance  on  the 
polygraph  paper,  is  directly  convertable  to  dme  since  the  paper  speed  was  25  mm./sec.  Dividing  any  of  the  individual 
results  by  25  gives  the  time  error  in  seconds.  The  sum  of  the  right  and  left  fixation  time  errors  represents  the  total 
time  error  for  the  test.  Five  rightward  and  five  leftward  fixations  immediately  following  the  removal  of  the  flashing 
light  sequence  were  used  for  each  average  time  error. 

It  was  our  hope  that  we  could  use  this  test  for  two  purposes.  First,  the  test  allowed  a check  on  the  quality  of 
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sarcsdic  eye  movements  to  ensure  that  the  saccadiv  rye  muxemcni  response  was  adequate  to  use  in  a separate 
objective  measure  of  phoria  (Section  B,  above).  Second,  wr  werr  looking  for  a simple  objective  test  for  the 
alterations  in  the  internal  clock  that  are  reported  to  accompany  marijuana  smoking. 

2.  Results  ami  Commeitis 
a.  Marijuana 

Thirteen  subjects  were  tested  for  simple  saccadic  prediction  under  both  marijuana  and  placebo  conditions. 
The  results  are  shown  in  Table  XII.  I'or  the  group  there  is  a mean  increase  in  thd  simple  uccadic  rhythm  after 
sntoking  marijuana  while  there  is  a mean  slowing  of  the  rhythm  after  amoking  placebo.  Funher,  on  an  individual 
basis,  8 of  the  subjeca  had  a relatively  greater  increase  after  marijuana  than  after  placebo.  The  results  clearly 
indicate  a "relative”  increase  in  rhythm  after  marijuana  smoking. 

For  complex  saccadic  prediction  muvemcna,  as  seen  in  Table  XIII,  there  it  a marked  suggestion  of  increased 
saccadic  rhythm  after  smoking  marijuana.  For  the  group  of  1 1 subjects  there  was  a mean  increase  of  the  rhythm 
after  sirtuking  marijuana  while  there  was  a slight  mean  slowing  in  rhythm  after  smoking  placebo.  Again  this  suggesu 
a relative  increaar  in  rhythm  rate  associated  with  marijuana  nnuking.  Fur  complex  saccadic  prediction  nine  of  eleven 
subjects  increased  their  saccadic  rht'thm  1/2  hour  after  smoking  marijuana  while  for  the  placebo  con.Ution  five 
increased  and  six  decicased  their  rhythm. 

Our  principal  interest  in  the  uccadic  eye  movement  test  wu  to  provide  ai«  objective  means  of  assessing  changes 
in  the  internal  dock.  We  argued  that  the  rhythm  a subject  set  up  would  reflect  the  internal  clock,  and  changes  in 
rhythm  after  smoking  would  reflect  changes  in  the  internal  clock.  It  is  apparent  from  our  daa  that  a subject  whose 
internal  clock  is  futer  than  real  time  docs  nut  necessarily  have  uccadic  predictive  eye  movemenu  that  are  faster 


thw  the  Rimuliii  marker*  demand.  In  fact,  of  thirteen  subject*  who  performed  both  the  timplr  uccadic  predictive 
eye  movement  task  and  the  tirae  production  task  (sec  next  section),  only  four  subjects  showed  fast  or  slow  time 
docks  for  both  measures.  By  way  of  explanation,  it  could  be  argued  that  since  we  provide  a '*metric*’  for  the  eye 
movement  rhythm  in  the  form  of  blinking  lights  immediatdy  prior  to  the  self  generated  rhythm,  there  would  be 
little  time  for  internal  clock  changes  to  be  reflected  in  the  5-10  seconds  in  which  our  rhythm  measurementt  were 
made. 

However,  after  smoking  marijuana  nitte  of  eleven  subjects  showed  futer  compltx  predictive  eye  movement 
rhythm.  Of  these  nine  subjects,  six  also  showed  an  increase  in  internal  time  dock  by  the  time  production  tuk  (sec 
Specific  Experiments,  Section  G).  This  result  suggests  that  the  complex  predictive  rhythm  test  docs  reflect  the 
influence  of  a speeded  up  internal  dock  after  smoking  marijuana.  Inasmuch  u diere  was  an  increase  in  the  eye 
movement  rhythm  after  smoking  msrijuaiM,  we  might  speculate  that  the  short  term  memory  of  the  metric  had 
deteriorated.  Short  term  memory  is  known  to  be  affected  by  marijuana  smoking.  For  example,  Melges  er «/.  (1970), 
using  digit  spans  forward  and  backward,  found  that  shon  term  nnemory  was  significantly  decreased  after  subjects 
took  oral  doaea  of  ^*-TliC.  Implicit  in  our  argutttent  it  the  notion  that  giving  a timplt  metric  (blinking  ii^ts) 
normally  destroys  or  severely  reduces  the  test’s  usefulness  in  establishing  the  speed  of  the  internal  clock.  However, 
after  antoking  marijuana  the  short  term  metiwry  of  the  complex  metric  does  appear  to  be  affected  and  the  internal 
dock  it  able  to  influence  the  uccadic  rhythm.  If  this  argument  it  correct,  then  the  complex  uccadic  prediction  test 
may  represent  an  objective  rtteans  of  looking  at  short  term  nnemory  chaitges. 

b.  Alcohol 

Three  subjects  were  given  this  tuk  after  drinking  alcohol  under  the  condidunt  outlined  in  the  phoria  test. 
The  retulo  a>e  shown  in  Tables  XU  and  XIII.  Two  subjects  drowed  a decrease  and  one  exhibited  an  increase  in 
rhythm  after  drinking  alcohol. 

c.  Librium 

The  drug  conditions  and  the  results  for  three  subjects  are  shown  in  Tables  XII  and  Xill.  All  three  subjecu 
showed  an  increase  in  uccadic  rhythm  after  oral  ingestion  of  Librium. 

G.  Time  Esumadon  and  Time  Production 

1 . Procedure  and  Comment 

The  purpoK  of  these  tests  was  to  detect  changes  in  the  "internal  clock”  following  marijuana  or  drug  treatment. 
An  electronic  timer  drove  a lamp  whidi  wu  \isiblc  to  the  subject.  For  time  rstimotion,  predetermined  time  periods 
of  3,  6,  12,  and  24  seconds  (indicated  by  a lighted  lamp)  were  presented  to  the  subject  in  a random  order.  The 
subject  wu  simply  requested  to  estimate  the  duration  of  the  presentation  to  the  nearest  full  second.  For  time 
production,  the  subject  was  uked  to  depreu  a button  and  hold  it  down  for  periods  of  4,  7,  1 3.  and  25  seconds.  The 
aaual  time  thit  the  subject  generated  by  pressing  the  button  wu  recorded  on  an  electronic  timer  in  milliseconds.  An 
over-estimation  of  time  is  consistent  with  an  under-production  of  time.  Both  are  associated  with  a speeding  up  of  the 
internal  clock  with  respect  to  real  time. 

Since  the  times  used  for  estimation  and  production  were  constant  in  all  experiments,  the  results  provide  an 
index  that  can  be  compared  under  different  experimental  conditions.  The  technique  used  in  the  time  estimation 
experiments  is  subject  to  the  following  criticism.  Subjects  were  given  the  same  four  time  intervals  to  estimate  each 
time  they  were  tested  and  consequently  their  initial  test  estimates  of  time  may  have  influenced  the  times  they 
reported  in  later  tesa.  Although  subjects  were  not  told  that  the  test  times  were  the  same,  and  the  order  was 
randomiaed  for  each  test,  it  wu  nevertheless  possible  for  a subject  to  presume  that  the  same  times  were  given  and  to 
reipond  in  the  interest  of  consistency.  Time  production,  however,  is  not  subject  to  this  criticism  since  the  subject 
himself  generates  the  time  element.  Consequently,  it  is  probtbly  a more  valid  test. 

The  time  estimation  and  time  production  results  were  analysed  in  two  wa)  s.  First,  the  differences  between  the 
given  times  (either  to  estimate  or  produce)  and  the  subject’s  response  were  summed  and  divided  by  four  to  give  a 
number  which  reflecu  the  total  time  error  (plus  or  minus).  However,  this  method  gives  an  index  ("time  index”) 
which  is  heavily  biased  by  the  longer  given  times.  A second,  less  biased,  method  involves  the  calculation  of  the 
percent  difference  between  the  times  estimated  or  produced  prior  to  the  drug  treatment  and  those  estimated  or 
produced  after  the  drug  treatment.  The  percentage  change  was  calculated  u follows:  100  (Pre-Post)/Pre.  By  this 
analysis  each  of  the  given  time  periods  can  contribute  equally  to  the  assessment  of  changes  in  the  internal  time 
clock.  The  lut  measurement  prior  to  the  tieatment  snd  the  first  measurement  after  the  treatment  were  used  to 
calculate  the  "percentage  change  in  time”  estimation  or  production. 
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2.  Kt'aklls  and  t'ommvnis 
a.  Marijuana 

Fourteen  subjects  estimated  and  produced  times  prior  to  and  following  the  smoking  of  placebo  and 
marijuana  (12  mg  THC).  The  data  were  analyzed  by  both  the  “time  index’’  and  the  “percentage  change  in  time’’ 
methtids.  Each  method  yielded  results  consistent  with  a speeding  up  of  the  internal  clock  both  in  time  production 
and  time  estimation. 

The  individual  and  group  results  fur  the  time  index  method  of  analysis  are  presented  in  Tables  XIV  end  XV. 
Table  XIV  gives  the  results  for  time  production.  For  the  group,  the  mean  time  production  decreased  after  smoking 
marijuana  and  increased  slightly  after  smoking  the  placebo.  This  reflecu  an  increase  in  the  internal  time  clock  after 
smoking  marijuana,  although  on  an  individual  basis  only  8 of  the  14  subjects  showed  decreased  production  1/2  hour 
post  marijuana,  and  7 decreased  after  placebo.  Table  XV  gives  the  results  for  time  estimation.  For  the  group,  the 
mean  time  estinution  increased  after  smoking  marijuana  and  decreased  slightly  after  smoking  the  placebo.  This  alst> 
rcllccts  an  increase  in  the  internal  clock  confirming  the  results  for  lime  production.  However,  the  change  in  time 
estimation  and  production  after  smoking  marijuana  is  not  significantly  different  at  the  0.05  level  from  the  change  in 
time  estimation  and  production  after  smoking  the  placebo  (Walsh  related  sample  test). 

Using  the  percentage  change  in  the  time  estimation  or  production  as  a measure  of  the  change  in  the  time  clock  is 
an  alternate  method  of  analyzing  the  data.  This  measure  has  been  calculated  for  each  subject  for  each  of  the  given 
times.  The  results  are  presented  in  Tables  XVI  and  XVII.  Table  XVI  shows  that  for  each  of  the  times  ^iven  to 
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produce,  with  the  exception  of  the  shortest  tune  (4  seconds),  there  is  a mean  decrease  in  the  time  produced  by  the 
group  after  smoking  marijuana,  while  for  each  given  time  there  it  a mean  increase  in  limes  produced  after  smoking 
the  placebo.  When  all  times  are  considered  together  there  is  a mean  decrease  in  time  produced  of  }.22%  after 
smoking  marijuana  and  a mean  increase  of  4.S  1%  after  smoking  the  placebo.  Fig.  1 1 depicts  the  results  graphically. 
Points  above  the  line  reflect  increases  in  the  internal  time  dock  (decreases  in  time  produced).  The  difference 
between  marijuana  and  placebo  it  most  clear-cut  for  the  longest  time  produced  (25  sec.).  Table  XVII  shows  similar 
changes  for  time  estimation.  A mean  increase  in  time  estimated  after  smoking  marijuana  is  seen  at  each  of  the  given 
times,  while  a mean  decreaw  in  time  after  smoking  placebo  is  observed  at  all  but  one  of  the  giien  times.  Again,  when 
all  given  timet  are  considered  together  the  results  suggest  an  increase  in  the  internal  clock  fur  the  marijuana  group. 
Fig.  12  depicts  the  results  graphically.  Points  below  the  horiiontal  line  reflect  an  incrcaK  in  the  internal  clock 
(increases  in  time  estimated). 

Although  not  statistically  significant,  the  results  suggest  a slight  increase  in  the  internal  clock  after  subjects 
smoked  marijuana.  Tart  (1970.  1971)  and  others  have  reported  similar  changes.  Morrow  (1944)  had  subjects 
estimate  the  time  of  JfFsecond,  60-second,  and  S-minute  intervals  as  well  u estimate  the  time  required  to  complete  a 
simple  task.  He  found  that  subjects  could  estimate  shon  intervals  of  time  quite  accurately  but  overestimated  the 
time  required  to  perform  a two  minute  task.  Hit  result  suggests  tl..,t  the  nature  of  the  task  is  also  important  in 
determiniiy  changes  in  time  perception.  The  clearest  indications  of  overestimation  of  time  are  seen  in  studies  where 
the  subjea  is  concurrently  engaged  in  tome  activity  (M^ribiutui  mnd  HttUtb,  1971).  In  our  tests  the  subject  was  not 
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Tsbil  XVI:  Nrctmagt  CHvo^t  in  Tinw  Production  Onc>Half  Hour  cftir  Smokins 
Marijucno  (12  mg  THC)  or  Placebo.  Plut  Valuai  Indicate  Produced  Tinw  Wee  Shorter 
after  Smoking  then  Before.  Suggesting  Speeding  ot  the  Intarftel  Clock. 
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askcil  to  perforn  any  other  ta:ik  during  tlic  period  of  time  estimation  or  produrtion,  nor  was  he  asked  to  estimate  ur 
produce  long  periods  of  time.  Both  the  simplicity  and  shortness  of  the  task  may  have  contributed  to  the  lack  of 
statistical  significance  in  the  present  results.  Netvrtheless  the  tTnd  toward  overestimation  (and  also  underprotiuc- 
tion)  of  time  was  apparent  in  the  group  results,  suggesting  an  increase  in  the  internal  clock  rate  after  smoking 
marijuana. 

b.  Alcohol 

l ime  estimation  and  time  production  were  measured  on  three  subjects  prior  to  and  after  drinking  alcohol. 
The  dose  and  conditions  of  the  alcohol  treatment  were  the  same  as  in  the  phoria  test.  There  is  no  clear  trend  in  the 
results,  which  are  shown  in  1'ablcs  Will  and  .\IX.  Subjects  show  both  over  and  underestimation  of  time  when  time 
estimation  and  time  production  are  compared  before  and  after  drinking  alcohol.  Only  the  “time  index”  analysis  was 
applied  to  the  alcohol  data. 

Iloiiisicr  and  Gillespie  (1970)  compared  the  performance  of  twelve  subjects  on  a battery  of  tests  under 
relatively  high  oral  doses  of  alcohol  and  marijuana.  The  drag  effects  were  simitar  on  most  tasks  but  different  in  the 
time  perception  tests.  Marijuana  intoxication  led  to  overestimition  of  time;  alcohol  produced  large  underestimation 
of  time.  Our  results  are  similar  for  the  marijuana  but  on  our  limited  group  at  low  alcohol  doses  we  do  not  see 
evidence  for  exaggeration  of' time  underestimation. 
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Fig.  11 ; Percentage  change  in  produced  time  1/2  hour  after  smoking  marijuana  or 
placebo.  Points  above  horizontal  line  represent  decreases  in  time  produced,  and  thus 
increases  in  the  internal  dock. 
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Fig.  12;  Percentage  change  in  estimated  time  1/2  hour  after  snwking  marijuana  or 
placebo.  Points  below  horizontal  line  indicate  increases  in  estimated  time,  and  thus 
increases  in  the  internal  clock. 
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Table  XVII:  Percentage  Change  in  Time  Estimation  One-Half  Hour  After  Smoking 
Marijuana  (12  mg  THC)  or  Placebo.  Minus  Values  Indicate  Estimated  Time  Was  Longer 
after  Smoking  than  Before,  Suggesting  Speeding  of  the  Internal  Clock. 
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c.  Librium 

Three  subjects  were  given  I.ibrium  under  the  same  conditions  as  those  used  in  the  glare  recovery  tests.  Time 
estimation  and  time  production  were  measured  in  each  subject  and  analyzed  by  the  “time  index”  method.  The 
results  are  presented  in  Tables  XVIII  and  XIX.  No  clear  trends  emerge,  there  being  increases  and  decreases  in  time 
estimation  in  different  subjects. 

II.  Sinusoidal  Pursuit  Eye  Movments 

1 . Procedure 

A spot  of  light  presented  on  an  oscilloscope  face  was  moved  back  and  forth  horizontally  through  an  angle  of  19 
degrees,  in  a sinusoidal  motion,  while  the  subject  viewed  the  spot  from  a distance  of  11  inches.  Frequency  of 
sinusoidal  oscillation  increased  regularly  and  automatically  from  one-half  cycle  per  second  (Hertz)  to  three  cycles 
per  second  (Hertz)  over  a period  of  28  seconds.  The  highest  frequency  at  which  the  subject  could  accurately  follow 
the  sinusoidally  oscillating  target  was  recorded  as  the  end  point  of  the  test. 

In  addition  to  the  above  stimulus  conditions,  the  target  was  presented  against  the  lighted  grid  of  the  oscilloscope 
(“grid  present”  condition).  Moskowitz  etal.  (1972)  have  suggested  that  divided  attention  tasks  may  be  sensitive 
measures  of  drug  use.  In  the  “grid  present”  condition  it  was  our  hope  that  we  had  created  a type  of  divided 
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Tibie  XVIII:  Aloohol  (0.012  oi/lb)  or  LibrKim  (26  or  60  ma)  Effwti  on  Tlmt 
Production.  Avcrtiat  Error  (Scoondi)  Combined  for  4, 7, 13,  and  26  Second  Interveb; 
Minus  Values  Indicate  Produced  Time  Shorter  Then  Real  Time. 
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Table  XIX:  Alcohol  (0.012  oz/lb)  or  Librium  (25  or  50  mg)  Effects  on  Time 
Estimation.  Average  Error  (Seconds)  Combined  for  3, 6. 12,  and  24  Sacond  Intervals: 
Plus  Values  Indicate  Estimated  Time  Longer  than  Real  Time. 
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Tabit  XX:  Marijuana  (12  mo  THC)  Effacti  on  Maximum  Fraquancy  (Harts)  of  Smooth 
Ocular  Following  Movamcnts  for  Sinunidai  Motion  of  Spot  over  Nineteen  Degree 
Extent,  With  and  Without  Reference  Grid  in  the  Field. 
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attention  eye  movement  task. 

The  performance  on  both  task*  was  scored  in  an  identical  fashion.  The  end-point  performance  was  expressed  as 
a frequency  of  stimulus  oscillation  in  Hertz. 

It  was  extremely  difficult  to  quantify  the  performance  on  this  test.  Subjects  often  intermittently  failed  to 
follow  the  target  only  to  regain  good  eye  tracking  at  higher  frequencies.  After  extensive  qualitative  examination  of 
the  data,  certain  rules  for  scoring  were  instituted  as  follows; 

a.  An  error  is  scored  when  the  eye  does  not  follow  the  stimulus  with  at  least  one  half  the  amplitude  of  the 
immediately  preceding  noimal  amplitude  eye  movements. 

b.  The  end  point  of  the  test  occurs  when  an  error  is  not  followed  by  at  least  4 cycles  of  normal  eye 
movements. 

2.  Results  and  Comments 

a.  Marijuana 

Fourteen  subjects  were  examined  under  both  placebo  and  marijuana  conditions.  Twelve  of  the  subjects 
were  tested  for  the  “grid  present”  .ind  the  “no  grid”  conditions.  The  remaining  two  subjects  were  tested  for  the  “no 
grid”  condition  alone.  One  or  two  tests  were  given  to  establish  pre-smoking  performance.  Where  two  tests  were 
given,  the  average  was  calculated  to  represent  the  pre-smoking  performance.  Each  test  involved  two  trials  for  the  “no 
grid”  condition  and  one  trial  for  the  “grid  present”  condition.  The  results  are  shown  in  Table  XX. 
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In  the  “no  grid”  condition  there  wu  no  change  in  eye  tracking  performance  for  the  group  following  either 
placebo  or  mar^uana  tntoking.  Fig.  1}  depicti  each  aubject’a  chai^  in  pumiit  tracking  ftdlowing  mar^uana 
(ordinate)  plotted  againat  his  change  after  ^accbo  (abaciasa),  with  no  grid  present.  Points  above  the  horisontal 
line  represent  decreased  tracking  performance  following  mar(juanat  points  right  of  the  vertical  line  represent 
decreased  performance  after  placed.  Considerify  oriy  the  direction  of  shift  for  each  subject  it  can  be  teen 
that  8 of  the  14  subjects  showed  a decreased  performance  after  marijuanas  there  were  also  8 decreased  performances 
after  placebo.  A “relative  performance”  change  is  obtained  for  eadi  subject  by  using  his  performance  after  placebo 
as  the  nandard  for  his  marijuana  effect,  rather  than  using  hit  marijuana  result.  The  diagonal  line  of  Pig.  13  separates 
the  6 subject  with  relative  decreases  with  marijuana  compared  with  placebo  (points  above  diagonal)  from  the  8 
subjects  with  relative  increases  with  marijuatu  (below  diagonal). 

For  the  “grid  present"  condition  diete  it  no  statittically  significant  change  in  eye  tracking  performance  after 
smoking  placebo  or  marijuana  (Table  XX).  Under  both  conditions,  however,  there  it  a suggestion  that  tracking 
performance  decreased  riighdy  after  amokwg.  In  Fig.  14  each  subject’s  change  in  pursuit  tracking  following 
marijuana  (ordinate)  is  {dotted  against  hit  diange  following  placebo  (abscissa),  with  a grid  present.  Points 
above  the  horisontal  line  represent  decreased  (terformance  after  nurijuana  (7  of  12  subjects);  points  to  the  right  of 
the  vertical  line  represent  decreased  {lerfotmancc  after  placebo  (8  subjects).  Again,  the  com|>arison  of  {dacebo  and 
rrurijuana  is  most  significant  when  each  subject’s  marijuatM  {>erformance  it  compared  to  his  placebo  frerformance; 
the  relative  (lerformance  with  nurijuana  decreased  in  S subjects,  whose  points  are  above  the  diagonal  line;  6 subjects 
showed  a relative  increase  after  marijuaiu,  as  indicated  by  points  bdow  the  diagonal. 

It  is  apparent  that  there  wu  Utde  or  no  change  in  eye  tracking  performance  for  the  group  u a result  of 
nurijuana  smoking.  However  this  condusiun  is  offered  with  a great  deal  of  caution.  It  it  extremdy  difricult  to 
establish  an  effecti'/e  metric  for  the  eye  tracking  performance  in  this  task.  The  above  condusions  were  drawn  from 
out  attempts  to  meuu.e  the  highest  frequency  at  which  the  subject  could  still  accurately  follow.  This  frequency  wu 
determined  by  two  relatively  arbitrary  rules  designed  to  quantify  the  “breakdown"  frequency  as  indicated  by  visual 
ins|>ection  of  the  records.  There  are,  of  course,  a number  of  odter  mediods  for  looking  at  eye  tracking  fterfomunce 
induding  phase  error,  amplitude  lou,  and  various  combinations  of  these. 

So-called  “hand-eye"  tracking  hu  been  shown  to  deterioram  after  nurijuana  smoking  (Manno  tt «/.,  1970). 
Smooth  following  eye  movements  mi|ht  be  exftected  to  be  altered  by  marijuana  smoking  since  they  involve  bodi 
motor  tracking  by  the  eyes  and  sensory  acknowledgement  of  the  visual  stimulus.  In  our  study,  subtle  changes  in  eye 
movement  tracking  may  have  gone  undetected. 

The  sinusoidal  eye  moveirunt  task  is  of  great  interest  in  the  comparison  of  alcohol  and  marijuana  effects.  The 
next  section  of  this  report  indicates  that  relatively  clcu  changes  in  eye  movement  tracking  performance  occurred 
following  low  or  moderate  doses  of  alcohol. 

b.  Alcohol 

Five  subjects  were  tested  for  changes  in  sinusoidal  eye  tracking  performance  after  alcohol  intake.  One  of 
the  subjects  wu  also  tested  for  the  placebo  alcohol  condition.  The  alcohol  conditions  were  the  tame  u those 
described  for  the  phoria  test. 

Tests  were  made  prior  to  and  following  th«  intake  of  alcohd.  At  leut  two  measures  were  determined  following 
the  alcohol  drinking;  one  at  approximately  60  minutes  (35-80  minutes)  and  one  at  150  minutes  (120-210  minutes) 
Both  “grid  present"  and  “no  grid"  tasks  were  given  to  three  of  the  subjects.  Their  blood  alcohol  levels  were 
approximately  0.07%  at  about  30  minutes  after  drinking.  The  remaining  two  subjects  were  given  two  doses  of 
alcohol  and  their  tracking  {>erformance  on  the  “no  grid”  task  wu  followed  at  frequent  intervals.  Their  results  are 
illustrated  in  Fig.  ISa.  Both  subjects  showed  a clear  deterioration  in  eye  tracking  performance  after  drinking  alcohol. 
The  actual  record  of  one  of  these  subjects  is  seen  in  Fig.  ISb. 

The  individual  results  u well  u the  means  and  standard  deviations  for  the  group  are  given  in  Table  XXI.  All 
subjects  decreased  their  tracking  performance  after  drinking  alcohol.  This  wu  true  both  for  the  “grid  present”  and 
“no  grid”  conditions.  The  reduced  tracking  performance  after  the  subjects  drank  alcohol  wu  more  pronounced  for 
the  “grid  present"  tuk  suggesting  that  the  complex  visual  field  made  it  more  difficult  for  the  eyes  to  follow  the 
oscillating  target.  The  0.31  Hertz  decrease  (2.24  to  1.93  Hz)  in  sinusoidal  tracking  performance  one  hour  following 
alcohol  intoxication  is  statistically  significant  at  the  0.06  level  for  the  "no  grid"  condition.  For  the  “grid  present" 
condition  the  drop  is  even  larger  (0.48  Hertz).  Fig.  16  shows  the  results  for  the  three  subjects  who  performed  the 
tuk  for  the  “grid  present"  condition. 
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CHANGE  IN  TRACKING' 

PLACEBO 

Fig.  13:  Marijuana  and  placebo  effects  (1/2  hour  after  smoking)  on  change  in  maximum 
frequency  (Hi)  of  horiiontal  ocular  following  movements  for  sinusoidalty  moving  spot 
without  reference  grid  in  field.  Points  above  diagonal  indicate  greater  decrease  in  tracking 
after  marijuana  than  placebo. 
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CHANGE  IN  TRACKING 
PLACEBO 

Fig.  14:  Marijuana  and  placebo  effects  (1/2  hour  after  smoking)  on  change  in  maximum 
frequency  (Hz)  of  horizontal  ocular  following  movements  for  sinusoidally  moving  spot 
with  reference  grid  in  field.  Points  above  the  diagonal  indicate  greater  decreases  in 
r tracking  performance  after  marijuana  than  placebo. 
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Fig.  1S«;  Alcohol  effects  on  time  course  of  meximum  frequency  of  horisontal  ocular 
following  movements  ‘or  tirMJsoidally  moving  spot  of  incroaiing  fi.^uency,  grid  not 
present  in  field.  Shaded  areas  represent  drinking  periods  (first:  4 oz,  80  proof;  second; 
2 oz,  80  proof). 
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Fig.  16b:  Electro-oculographic  records  (upper  traces)  showing  alcohol  effects  on  one 
subject's  maximum  pursuit  tracking  frequency  (arrows  arxl  cutjff  frequencies  in  Hertz) 
for  increasing  sinusoidal  velocity  of  horizontally  moving  spot  (bottom  trace). 
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TiMt  XXI:  Aioohol  (0.012  oi/lb)  Effwti  on  Maximum  Froqutney  (Haru)  of  Smooth 
Oeular  PoUoartng  MovamanO>  for  Sinuaoidal  Motion  of  Spot  o«tr  Ninatatn  Dagrat 
Extant.  With  and  Without  Rafarenca  Grid  in  tha  Fiald. 
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These  interesting  results  should  be  tested  on  a laiger  group  of  subjrrts.  particular!)'  under  conditions  of  divided 
attention.  The  apparent  difference  between  the  alcohol  and  marijuana  results  may  help  differentiate  between  the 
effects  of  the  two  drugs. 

c.  Librium 

Sinusoidal  eye  tracking  was  measured  on  three  subjects  before  and  after  oral  ingestion  of  50  mg  of  Librium. 
One  of  the  subjects  was  given  25  mg  of  Librium  on  a second  experimental  day.  The  individual  results  are  presented 
in  Table  XXII  alor^  wuh  the  means  and  standard  deviations  for  both  the  “grid  present*’  and  “no  grid”  conditions. 
The  eye  movemcr'C  Tracking  performance  of  all  three  subjects  deteriorated  within  1 hour  after  taking  the 
Librium  when  thr--.  me  grid  : .*nt'*  task  condition  (including  the  low  dose  condition  given  to  one  subject). 

However,  for  f't.:  “iuj  grid"  condition  two  of  the  three  subjects  showed  an  improvement.  There  appears  to  be  a 
group  change  fo:  He  “grid  present"  condition  but  not  for  the  “no  grid"  condition.  The  significance  of  this  result 
cannot  be  adequately  assessed  on  such  a small  group.  Future  work  in  this  area  should  be  directed  toward  a larger 
group  of  subjects  where  the  task  condition  approaches  a divided  attention  format. 

I.  Pupil  Diameter,  Conjunctival  Injection,  Lid  Edema 

1 . Procedure  and  Comment 

Conjun  .rival  injection  ("reddening”)  is  one  of  the  most  consistent  signs  associated  with  marijuana  smoking 
(Tart,  1969).  It  apparently  is  not  due  to  direct  irritation  from  the  smoke  since  it  also  occurs  with  oral  doses  of 
marijuana  (^4aribuana:  A Signal  of  ‘^isundc  'ing,  1972).  The  degree  of  injection  seems  to  be  related  to  the  dose 
level,  being  greater  for  large>  and  to  be  greater  15  minutes  after  smoking  than  at  90  minutes  after 

smoking  (Weil  et  al.,  1968).  However,  its  time  course  is  much  longer  than  that  of  pulse  rate  increment. 

Pupil  diameter  changes  have  been  variously  reported  in  the  literature.  Early  reports  (Mayer-Gross  et  al„  1960) 
suggested  that  the  pupil  enlarges  after  smoking  nurijuana.  Other  studies  have  suggested  that  pupil  siae  does  not 
chauge  (Tart,  1969).  More  recent  studies  repor'  *''>r  a slight  decrease  in  pupil  diameter  follows  marijuana  smoking 
(Hepler  et  al..  1972). 

Color  slides  were  obtained  by  photograp*  < the  left  eye.  From  the  projected  slides  the  degree  of  conjunctival 
injection,  pupillary  diameter,  and  lid  edema  were  qualiurively  assessed. 

2.  Heiults 

As  pointed  out  in  the  Introduction,  the  major  reasons  for  looking  at  the  conjunctival  injection,  pupil  diameter, 
and  lid  edenu  were  to  confirm  previous  reports  on  these  functions  and  to  aid  in  the  possible  interpretation  of 
reports  on  these  functions  and  to  aid  in  the  possible  interpreurion  of  results  found  in  our  study.  We  have  confirmed 
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Fig.  16:  Alcohol  cfftctt  on  timt  count  of  mtximum  punuit  trtcking  frtqutncy  for 
tinutoidtllv  moving  spot  of  incroMlng  frtqutncy.  Grid  prwtnt  in  fitid. 


Ttbit  XXII;  Littrium  (26  and  60  mg)  Effects  on  Maximum  Fraquancy  (Haru)  of 
Smooth  Ocular  Following  Movemantt  for  Sinusoidal  Motion  of  Spot  over  Ninataan 
Oagraa  Extant,  With  and  Without  Rafaranoa  Grid  in  tha  Fiald. 
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the  conjunctival  injection  which  follows  marijuana  smoking,  and  our  measurements  of  pupil  siae  suggest  that  a very 
slight  pupil  constriction  occurs,  but  not  invariably.  Our  tentative  results  are  consistent  with  the  recent  report  of 
slight  pupillary  constriction  (Hepler  et  a/.,  1972)  just  after  smoking  marijuana. 

A number  of  subjects  showed  a ptoais  condition  (“lid  droop”)  following  marijuana  smoking  and  our  film 
records  suggest  that  this  is  primarily  due  to  lid  edema  rather  than  a change  in  the  muscle  innervation  to  the  lids. 
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Tibit  XXIII:  Radial  RiHta  Rata  (laati/Mlnuiil  altar  Smokini  Mari|uana  (12  mf  THC) 
or  Wapiho.. 
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J.  Pulse  Rate 

1.  Procfduf* 

The  pulse  rate  was  monitored  during  all  experiments.  At  least  three  determinations  of  pulse  rate  were  made 
prior  to  the  drag  treatment  and  a regular  series  of  measuiementt  (about  ton)  wu  obtained  following  the  drug 
treatment.  For  about  one  half  of  the  experimena  radial  pulse  rate  wu  determined  by  hand.  For  the  remaining 
experimenu  pulse  was  determined  using  skin  electrodes  as  described  in  the  General  Experimental  Methods.  For  five 
of  the  subjects,  pulse  rate  wu  continuously  monitored  prior  to,  during,  and  knmediately  followir^  the  marijuana 
and  placebo  smoking. 

2.  Results  end  Comments 
a.  Marijuana 

Pulse  rate  wu  monitored  for  both  placebo  and  marijuaiu  smoking  conditions  for  IS  subjeca.  All  subjects 
showed  an  increase  in  pulse  rate  after  smoking  marijuana.  The  mean  increase  wu  30  bcats/minute  five  minutes 
after  smoking  and  16  beats/minute  30  minutes  after  smoking.  Thr  mean  increase  five  minutes  after  smoking  placebo 
wu  3 beats/minute,  an  insignificant  change.  The  individual  results  are  shewn  in  Table  XXIII.  The  middle  curvet  of 
Fig.  7 show  the  mean  pulse  rate  during  the  experiment  for  both  placebo  and  marijuana  conditions.  Although  this 
figure  does  not  allow  resolution  of  the  peak  pulse  rate,  Table  XXIII  indicates  that  it  is  clearly  reached  before  the 
post  30  minutes  time.  By  SO  minutes  the  mean  pube  rate  is  the  same  u that  prior  to  smoking.  On  the  other  hand 
there  is  no  significant  increase  in  pulse  rate  after  smoking  die  placebo. 
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The  moM  coniittent  phyiiologicti  lign  tftef  marijueiu  moking  k tn  inettaaed  pwbe  rate  (Mtrilnum*;  A Sigtml 
of  Minmiortuoiing,  1972).  Mar^uana  doca  not  appear  to  act  directiy  on  the  heart  Wanno  et «/.,  1970).  Heart  rate 
incfcaae  can  be  prevented  by  pre^atment  with  propranol,  a beu-aympathetic  nervotu  tyttem  bloduag  agent 
(Kipliager  ere/.,  1971).  Renanlt  ere/.  (1971)  have  alao  auggeated  that  marijuana  may  act  by  altering  the  normal 
autonomic  tone.  Tbeae  authoti  found  that  the  heart  ratca  for  high  doaea  of  marijuana  were  of  the  tame  order  at  it 
found  in  the  abaence  of  'ugal  tone,  aupporting  the  notion  that  mai^uana  altera  autonomic  tone.  In  the  tame 
expcrimenia  Renault  et  e/.  found  linear  doae^ffect  curvet  which  were  repeaubic  in  the  tame  subject  and  which 
showed  no  differencw's  between  experienced  and  inexperienced  smokers.  There  were,  however,  fairly  large 
differences  in  the  magnitude  of  the  effect  from  individual  to  individual.  Moakowitx  rr  a/  (1972)  measured  heart  rate 
on  twelve  malea  between  the  ages  of  2 1 and  29  before  and  after  smoking  placebo  and  marijuana  (200  rrg  ^*TllC/kg 
body  wt.).  They  found  the  average  increase  in  heart  rate  to  be  40.S  bet;^i  after  marijuana  smoking  and  9.5  beats  after 
placebo  smoking,  Weil  ei  ■>/.  (1969)  have  reported  that  the  observable  effects  of  marijuana  were  at  a maximum  15 
minutes  after  smoking  while  others  have  suggested  that  maximal  observable  effecu  arc  some  time  later.  Indeed,  it 
hu  been  suggested  that  bean  rate  reaches  a peak  about  IS  to  20  minutes  after  finishing  smoking  and  returns  to 
normal  at  abwt  one  to  one  and  one-half  hours  after  smoking  {MaribtuMO;  A Sigool  of  MutmJentaitJiog,  1972).  This 
reported  time  may  reflect  the  faa  that  many  researchers  (Renault  ft  at.,  1971 1 Moakowita,  1972;  Weil  ri «/.,  1969) 
either  did  not  measure  the  pulse  rate  until  at  leut  10  minutes  after  the  completion  of  smoking  or  did  not  report  the 
times  at  which  pulK  rate  was  measured.  Galanter  ei  at.  (1972)  have  shown  a close  relationship  between  puke 
increment  and  plaama  concentration  of  A*THC  both  being  maximal  approximately  15  minutes  after  smoking,  the 
first  time  at  which  irwasurements  were  made. 

In  view  of  the  consistent  reports  which  suggest  that  the  increase  in  pulse  rate  it  sufficiently  dose-relau-d  and 
reproducible  for  use  as  a quantitative  indication  of  the  THC  dose  for  a given  individual  (.tturtbiMNa  aaJ  Health, 
1971 ),  it  seems  important  to  establish  the  time  course  of  pulse  rate  changes  more  precisely  during  and  after  smoking 
marijuana.  Peiei-Reyet  et  <i/.  (1972)  showed  that  intravenous  injection  of  a tpedai  preparation  of  either /i*T)IC  or 
in  11 -hydroxy lated  metabolite  (ll-OH-^*THC)  produced  tn  increase  in  pulse  rate  immediately  after  intravenous 
injection  began.  They  included  heart  rate  measurements  approximately  2,  7,  12,  17,  and  22  minutes  following  the 
completion  of  intravenous  injection.  The  heart  rates  were  at  a maximum  at  7,  12,  and  17  minutes;  it  is  not  dear 
where  in  this  range  the  peak  occurred.  It  is  also  unclear  how  this  study  relates  to  the  more  norma)  route  of  ingestion, 
namely  smoking. 

In  our  study  we  continuously  monitored  and  recorded  pulse  rate  with  Beckman  skin  electrodes  before,  during, 
and  following  marijuana  and  placebo  smoking.  A total  of  5 subjeco  were  monitored  for  the  marijuana  condition, 
(WO  of  these  were  riso  monitored  for  the  placebo  condition.  The  results  for  one  subject  smoking  marijuana  and  one 
subject  smoking  placebo  reflect  the  dianges  which  were  fairly  typical  for  the  group. 

Fig.  17  shows  the  results  for  a subject  smoking  marijuana.  The  time  course  for  this  subject  is  similar  to  that 
follow^  by  the  other  four  subjects,  with  the  exception  of  the  initial  pulse  rate  being  unusually  high  prior  to 
smoking  and  the  maximum  change  being  larger  than  we  observed  in  other  subjects.  The  imponant  points  to  be  noted 
are:  (1)  The  puln  rate  increased  immediately  after  the  subject  began  smoking  marijuana  and  increased  continuously 
during  the  smoking  period.  (2)  At  the  time  the  subject  completed  smoking  the  marijuana  (8  minutes  elapsed  time  in 
this  case),  the  pulse  rate  was  very  close  to  its  peak.  (3)  The  pulse  rate  returned  to  normal  after  about  60  minutes.  All 
5 of  the  subjects  retched  the  peak  increase  in  pulse  rate  within  5 minutes  after  smoking  marijuana  and  returned  to 
their  pre-smoking  levels  between  SO  and  90  minutes  after  smoking. 

Fig.  18  illustrates  the  results  for  a subject  smoking  placebo.  It  can  be  seen  that  the  small  pulse  increase  that 
occurred  is  almost  entirely  confined  to  the  period  during  smoking.  A second  subject  showed  a larger  increase  after 
placebo  smoking,  teaching  a peak  during  the  smoking.  His  pulse  had  returned  to  normal  between  7 and  19  minutes 
after  smoking. 

These  results  show  that  the  peak  pulse  increase  occurs  within  5 minutes  of  the  completion  of  marijuana  smoking 
for  all  S subjects,  and  not  15  to  20  minutes  after  smoking  as  suggested  by  previous  reports.  This  result  is  significant, 
since  there  is  evidence  that  pulse  me  reflects  the  THC  blood  plasma  level  (Galanter  et  a/..  1972). 

b.  Alcohol 

The  alcohol  treatment  was  described  in  the  section  (B)  for  the  phoria  test.  In  all  5 subjects  who  participated 
in  alcohol  experiments  there  was  no  change  in  pulse  rate  following  alcohol  ingestion. 
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c.  Librium 

Three  wbjeett  were  given  SO  mg  ' »f  Librium  (two  15  mg  doKt  for  etch  of  2 Mbjects  tnd  one  SO  mg  dole 
for  the  third).  One  wbim  wu  tito  given  t tingle  2S  mg  date  of  Librium.  The  pubc  ntc  wai  untItered  hy  tny  of  the 
trettmentt. 


K.  High  Rtttng 

1 . ProceJmre  end  Commeni 

Mott  ttudict  on  the  effeca  of  mtr(|utnt  tmoking  on  perforintnce  attempt  to  get  t subjective  estimate  of  the 
subject's  "high”  during  the  experiment.  In  our  study  etch  subject  was  pcriodicaJiy  asked  to  assess  his  "high”  on  a 0 
to  100  Male,  where  0 meant  "not  high  at  all"  and  100  wu  the  “highett"  a subject  had  ever  been  on  any  previous 
occasion  after  smoking  marijuana.  The  rating  it  therefore  influenced  by  each  subject's  previous  experience.  "High" 
ratings  have  been  used  by  a number  of  investigators  (Weil  er «/..  1PM;  Caldwcl!  ft  til.,  1969;  Crancer  ftul.,  1969; 
Rodin  ft «/.,  1970;  and  Isbell  ft  al.,  1967).  The  peak  “high"  it  generdly  considered  to  occur  after  the  peak  pulse  rate 
and  to  decline  more  slowly.  Galanteret  a/.  (1972)  showed  that  the  subjective  “high"  peaked  at  about  one  hour  after 
smoking  marijuana  and  declined  very  slowly. 

2.  Resu/ts 

a.  Marijuana 

The  "high"  rating  wu  determined  on  IS  subjects  at  rcgulu  intervals  after  tmoking  marijuana.  A total  of 
about  10  atsessmentt  were  made  on  each  subject.  Table  XXIV  shows  the  individual  "high"  ratings  at  selected  times 
after  tmoking  marijuana  and  placebo.  The  group  meant  suggest  that  the  peak  “high"  for  the  group  is  doK  to  30 
minutes  following  tmoking  of  marijuana,  at  which  time  it  it  70  on  the  0 to  100  scale.  On  the  other  hand,  the  peak 
"high"  for  the  group  after  tmoking  placebo  wu  about  24  and  it  occurred  closer  to  S minutes  post  smoking 
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Table  XXIV;  Subject's  High  Rating  (0  to  100)  after  Smoking  Marijuana  (12  mg  THC) 
or  Placebo.  ao 
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Tabit  XXV:  Subi«ct‘t  High  Rating  (0  to  100)  altar  Drinking  Alcohol  (0.012  oz/lb). 
Ratings  on  Alcohol  (Numerator)  and  Marijuana  (Denominator)  High  Scale*. 
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Dose  Pott  Pott  Pott  Pott  Post  Post 
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Table  XXVI;  Subject's  High  Rating  (0  to  100)  after  Ingesting  Librium  (2S  or  50  mg). 
Ratirrgs  on  Alcohol  (Numerator)  and  Marijuana  (Denominator)  High  Scales. 
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The  group  data  are  presented  graphically  in  Fig.  7 (lower  curves).  It  is  clear  that  the  subjects  < “high"  peaks  later 
than  the  pulse  rate  (and  presumably  later  than  the  peak  plasma  A*THC  concentration)  and  is  at  70%  of  its  peak  at  a 
time  when  pulse  rate  is  back  to  pre-smoking  levels. 

The  subjective  “high"  experienced  by  placebo  smokers  is  not  a new  finding.  Many  investigaton  have  reported 
this  result:  the  placebo  reaction  is  a well  established  entity  in  marijuana  research.  i?oth  naive  and  experienced  users 
can  get  “high"  on  the  placebo  (Jones,  1971). 

b.  Alcohol 

“High"  estimates  were  solicited  from  5 subjects  following  alcohol  ingestion.  The  alcohol  treatments  were 
the  same  as  those  for  the  phoria  task.  The  estimate  of  “high"  was  made  in  two  ways.  First,  the  subjects  were  asked 
to  rate  their  “high"  on  a 0 to  100  scale  where  0 was  “not  high  at  all”  and  100  was  the  highest  they  had  ever  been 
after  drinking  alcohol.  Second,  subjects  were  asked  to  rate  their  “high"  in  terms  of  a 0 to  100  scale  where  100  was 
the  highest  they  had  ever  been  after  smokii^;  marijuana.  In  effect,  the  subjects  made  “high"  ratings  on  two  different 
scales,  an  alcohol  scale  and  a marijuana  scale.  The  latter  double  rating  was  made  on  3 subjects. 

The  results  are  shown  in  Table  XXV.  All  subjects  got  “high”  on  the  alcohol  and  attempted  (somewhat 
reluctantly)  to  rate  their  high  on  a marijuana  scale.  The  group  is  too  small  for  formal  group  analysis  and  clear  trends 
do  not  emerge. 

c.  Librium 

Three  subjects  were  given  SO  mg  of  Librium,  one  in  a single  dose  and  two  in  divided  doses.  One  subject  was 
a'so  given  a subsequent  dose  of  25  mg  some  days  later  for  a second  experiment.  The  time  schedule  for  the  dosage 
and  the  individual  “high”  ratings  are  shown  in  Table  XXVI.  Since  none  of  the  subjects  had  taken  Librium  before, 
there  could  be  no  subjective  “high”  based  on  a Librium  scale.  Consequently,  we  asked  the  subjects  to  adopt  both  the 
alcohol  scale  and  m.*irijuana  scale  for  their  “high”  estimate,  giving  a rating  on  each  scale. 

Generally,  the  subjects  rated  themselves  fairly  low  on  both  scales.  One  subject  (004),  however,  was  more 
willing  to  assess  his  Librium  “high”  on  his  alcohol  scale;  he  reached  a nnaximum  high  approximately  one  hour  after  a 
50  mg  oral  dose  of  Librium. 

L.  Subjective  Drug  Effects  Questionnaire  (S.D.E.Q.) 

1.  Procedure 

M'askow  etal.  (1970)  developed  the  S.D.E.Q.  form  which  is  designed  to  tap  emotional,  cognitive,  and 
perceptual  effects  produced  by  psychoactive  drugs  by  means  of  a 272  item  symptom  check  list  covering  all  aspects 
of  jubjective  responses. 

S.D.E.Q.  forms  were  given  to  all  subjects  following  marijuana,  alcohol.  Librium,  and  placebo  treatments. 

2.  Results 

An  item  analysis  was  performed  to  determine  which  questions  discriminated  between  subjects  showing  an 
above-aveiage  intraocular  pressure  drop  after  smoking  marijuana  and  those  showing  a below-average  drop.  The 
details  of  the  item  analysis  and  the  relationship  to  the  intraocular  pressure  measurements  in  irarijuana,  alcohol,  and 
Librium  experiments  are  discussed  above  in  Specific  Experiments,  Section  E. 


IV.  SUMMARY  AND  CONCLUSIONS 


The  major  purpoK  of  the  prewnt  study  was  to  employ  objective  and  automated  approaches  to  investigate  vision 
functions  that  may  be  affected  by  socially  relevant  doses  of  marijuana.  We  were  especially  interested  in  establishing 
whether  reported  changes  in  glare  recovery  time  and  heterophoria  could  be  verified  by  careful  objective  testing 
methods.  Our  previously  developed  glare  recovery  and  heterophoria  testing  equipment  was  ideal  for  this  purpose. 
Further,  in  accordance  with  our  technical  objectives,  we  explored  other  objectively  measured  vision  functions  as 
influenced  by  socially  used  drugs.  The  rationale  for  the  inclusion  of  drugs  other  than  marijuana  (namely,  alcohol  and 
Librium)  and  for  tests  other  than  glare  recovery  and  heterophoria  is  outlined  in  the  Introduction  of  this  Report. 

Included  in  our  experiments  were  measures  of  nine  vinon  functions  and  five  measures  not  specifically  related  to 
vision  (reaction  time,  time  estimation,  pulse  rate,  “high"  evaluation,  and  subjective  drug  effects).  All  vision  functions 
were  measured  objective!/.  The  results  are  presented  under  Specific  Experiments  and  are  summarized  in  Appendix 
A.  Several  of  the  more  important  results  deserve  special  mention. 

1.  A widely  publicized  report  (Frank  et  al.,  1971)  of  a several  second  increase  in  glare  recovery  time  following 
marijuana  smoking  has  been  used  to  suggest  that  night  driving  might  thereby  become  hazardous.  Our  objective  and 
subjective  measures  of  glare  recovery  for  14  subjects  indicate  a slight  but  statistically  significant  decrease  in  glare 
recovery  time  for  the  group  after  smoking  marijuana.  Objectively  measured  ^are  recovery  times  were  reduced  by 
about  7%  for  the  group  (namely,  from  3.3  seconds  pre-smoke  to  3.1  seconds  30  minutes  after  smoking  marijuana). 
Ten  of  our  14  subjects  showed  a decrease  in  glare  recovery  time.  This  finding  is  extremely  important  since  recovery 
from  glaring  lights  has  both  military  and  civilian  significance.  An  increase  in  glare  recovery  time  after  smoking 
marijuana  would  be  of  concern  to  the  military.  However,  our  results  suggest  that  marijuana  smoking  is  unlikely  to 
produce  detrimental  effects  on  visual  recovery  from  blinding  light  flashes. 

2.  The  pressure  within  the  eye,  intraocular  pressure  (lOP),  was  found  to  decrease  within  5 minutes  after 
smoking  marijuana  (12  mg  TIlC)  and  to  recover  within  4 to  5 hours.  lOP  was  at  its  minimum  at  about  80  minutes 
post-smoke  where  the  drop  amounted  to  about  2 mm  llg  (statistically  significant  at  the  0.02  level  when  compared 
to  placebo).  Only  7 of  1 5 subjects  exhibited  a clear  decline  in  lOP  after  smoking  marijuana.  These  subjects  tended  to 
be  less-experienced  marijuana  users.  The  drug  tended  to  produce  in  these  subjects  greater  relaxation  and  tiredness,  a 
greater  “high"  and  a greater  increase  in  pulse  rate.  Each  of  these  four  variables  except  pulse  rate  correlated 
significantly  with  lOP  drop  in  the  total  sample.  The  observed  decreases  in  lOP  could  have  resulted  from  a direct 
effect  of  marijuana  on  ocular  fluid  dynamics.  Part  of  the  marijuana-induced  lOP  drop,  however,  may  have  been  an 
epiphenomenon  or  secondary  effect  associated  with  the  subjective  state  created  by  the  drug.  Such  an  indirect  effect 
of  marijuana  mediated  through  relaxation  and  tiredness  — a psychophysiological  state  that  can  be  produced  by  drug 
and  nondrug  means  — suggests  that  the  search  for  means  of  controlling  or  preventing  high  intraocular  pressure 
should  include  the  possible  role  of  relaxation. 

3.  Socially  used  drugs  have  been  shown  to  affect  certain  aspects  of  visuomotor  control  (Moses,  1970).  We 
examined  several  visuomotor  functions:  tonic  eye  posture  (heterophoria),  saccadic  eye  movements,  smooth  pursuit 
eye  movements,  and  reflex  optokinetic  nystagmus.  The  results  suggest  subtle  changes  in  each  of  these  functions, 
some  of  which  need  further  exploration.  A statistically  significant  change  in  smooth  pursuit  eye  movements 
occurred  with  alcohol  intoxication  (mean  performance  2.2  Hertz  before  alcohol  and  1.8  Hertz  after  alcohol). 
Following  marijuana  smoking,  there  was  no  evidence  of  a decrease  in  pursuit  eye  movement  performance.  The 
integrity  of  eye  movements  is  important  in  many  civilian  and  military  tasks  involving  search  and  tracking;  the  degree 
to  which  marijuana,  alcohol,  and  other  socially  used  drugs  contribute  to  decrements  in  eye  movement 
performance  needs  to  be  determined.  Future  studies  should  be  directed  toward  clarifying  the  differences  between 
alcohol  and  marijuana,  examining  dose  relationships,  increasing  the  task  complexity,  and  demanding  divided 
attention  in  the  task. 

4.  Pulse  rate  invariably  increased  after  marijuana  smoking:  this  result  confirms  most  previous  studies  where 
pulse  was  measured.  Pulse  rate  has  recently  been  reported  to  be  a correlate  of  blood  plasma  THC  concentration;  it 
would,  therefore,  appear  practical  to  follow  pulse  rate  during  experiments  performed  after  giving  marijuana  and  to 
use  pulse  rate  increase  as  an  indirect  measure  of  THC  intake.  To  our  knowledge  the  time  course  of  pulse  rate  has  not 
been  carefully  studied.  The  pulse  rate  is  generally  believed  to  peak  between  10  and  20  minutes  following  marijuana 
smoking.  Continuous  pulse  monitoring  in  our  experiments  revealed  that  the  pulse  rate  starts  to  rise  within  a few 
minutes  after  beginning  to  smoke  marijuana,  and  reaches  a maximum  within  5 minutes  after  the  smoking  stops.  This 
result  has  not  been  reported  before;  it  suggests  a very  rapid  absorption  of  A’ THC  with  prompt  physiological  effects. 
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SUtMMV  OF  CXmiHINTAL  MUITS 
HARIJUMM  (12  «•  TNC),  ALCONOL  (.012  ot/lb),  LIMIUN  (SO  ag) 
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A.  CLAKt  MCOVCRV 

HarlluMt*  (n>U) 

Sllgnt,  statittically  tlgnlflcant 
raduction  In  glara  racovary  tlaa,  both 
tubjactlvaly  and  objactivaly 
(ApproKlaataly  7t). 

nSuggests  posslblo  diffarence  batween  narl* 
Juana  and  alcohol.  Iload  to  use  higher  dotage 
of  narl Juana  and  nore  sub {acts  with  alcohol. 
nMeed  to  enploro  glare  recovery  to  different 
perfemence  levels  whore  there  nay  be  a nore 
narbad  effect  by  narIJuana. 

Alcohol  (n>S) 

Slight  Ineraaaa  In  glara  rocovory  tine 
both  •ubjactlyoly  and  objectively. 

LIbrIun  (nel) 

sHght  Inereaee  In  glare  recovery  tine 
both  eubjectively  and  objectively. 

B «RIA 

Harliuana  (n>lb) 

No  significant  change  In  heteroghorla 
for  group  data.  Individual  eubject* 
have  ihlfti  In  phorla  (both  etophoric 
and  enophorlc). 

nHIgh  doses  of  twrijuana  nay  reveal  changes. 
Should  be  pursued  in  future  studies  with 
check  on  Influence  of  proxiMl  convergence. 

Alcohol  (n»S) 

3 subjects  shew  asophoric  shift.  Two 
subjects  show  anaphoric  shift. 

nUeed  nore  subjects  on  alcohol  to  see  trend. 

LibrIun  (n^l) 

All  ) subjects  show  enophorlc  shift  at 
SO  ng  dose  (Appronlaately  ISt  naan 
shift). 

eilbrlun  anperlisents  should  be  pursued  on 
nore  subjects  at  different  doses. 
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C.  OKM  l^riJyy»»  (n*U) 

ItStfcTTon  tn  •RipMtutft,  And  •furtiwr  amWiIi  va^i  Iwntt  M«y  htip  to 

rtfutorliY  of  Ow  In  Mny  tukjoctt*  dlfftrentlott  tffocti  of  «IcoIm>I  *nd  MfijMna 

on  thtit  oyt  novomonu. 


D.  K(ACTI0N  TIME 


Warlluona  (n*5) 

fto'"cnor»S«  In  alifipio  reaction  tl«o. 


>nol  (^-5) 

Intre^if  in  rtactlon  iltiw  In  2 of 
tKi  ) subjects,  riot  i’qntf  icant  In 
froup  data. 

tibf luff  (ft“3) 

^ iilgnificont  cSan9t  in  qroup  dato. 


OAaactlon  tia*  It  utoful  in  chocking  for  influ* 
rnc*  on  tubjoctluo  rotponit  to  tokts  kuch  os 
glar*  rocovory. 


Oftasult  Ik  conkiktont  with  the  lltaroturo  on 
simple  reaction  time. 


•kekultk  with  alcohol  and  librium  need  to  bo 
done  on  a larger  group  before  conclusionk  and 
compariionk  aiade  with  marijuana. 


[.  (NTKAOCULAIt  liar  I Juana 

FRESSUKC  OOP)  Xbout^TT  drop  Is  iOP  in  group  data. 

StatlstUal  kigsificancc  80  minutes 
after  smoking.  Individual  differences 
marked.  Placebo  shows  corresponding 
S'^  drop.  Tor  twi^  subjects  who  showed 
drops  at  I?  mg  dosage.  27  mg  THC  pro* 
duced  significant  drop  in  fOP. 

Alcohol  (n»j) 

iubjects  who  show  lOP  drop  with  12  .ng 
THC  show  10^  drop  with  alcohol.  Sub* 
Ject  with  questionable  change  In  IOP 
with  12  mg  THC  shows  change  In  lOP 
with  alcohol . 


• At  socially  ralevant  dosage  the  mean  drop  In 

IOP  is  only  significant  for  the  group  80  minutes 
•sfter  smoking. 

• Those  Subjects  who  show  IOP  drop  may  show  a 
similar  drop  with  other  '‘reiaaihg"  drugs  such 
as  alwOhol  and  Librium.  Subject  questionnaire 
suggests  correlation  between  IOP  drop  and 
pleasant  tiredness. 

• Should  be  sl4‘died  at  hi^'.ur  doses  of  merijuena 
and  with  other  drugs  et  different  dosages. 

• Pelexation  index  should  be  determined  for  each 
subject  in  each  experiment. 


IOP  (con't)  librium  (n«J) 

^ii  3 subjects  show  drop  In  IOP  with 
SO  mg  librium.  Tht*  one  subject  on  a 
second  lower  dosage  (2S  mg)  did  rtot 
show  IOP  drop. 


F,  SACCAOIC  EVE  Kari Juana  (n*IJ) 

HOVCHENTS  Saccadic  eye  movement  rhythm  is 

faster  after  smok i ng  mar • Juana . 

Alcohol  (n«3) 

Ywo  subjects  faster  and  one  slower 
rhythm. 

librium  (n-3) 

All  3 Subjects  show  faster  rhythm. 


•Short  term  memory  .equired  to  make  predictive 
saccadic  rve  mr cements  is  altered  by  marijuana 
at  'ig  (-‘osuges. 

•evidence  that  internal  clock  changes  ate  re* 
vealed  b>  saccadic  eye  movement  rhythm  after 
smoking  marijuana. 

•Some  subjects  showed  increased  difficulty 
in  tuUowing  the  light  stimulus  following 
mari Juena  intoxication. 

•The  results  suggest  that  a more  complex 
swccadic  eye  movement  stimulus  in  a divided 
attention  task  should  be  pursued. 


G.  TIME  ESTIMATION 
AND  TIME  PNO- 
DUCT  I ON 


Marl  J uana  (o«|l*) 

Time  produc t Ion  decreased  and  time 
estimation  increas«}d.  (The  reverse  is 
true  for  the  placebo  condition!) 

Alcohol  (n»3) 

On  3 subjects;  (wo  showed  increased  time 
production  and  one  showed  decreased  time 
product  ion. 

Librium  (n«3J 

Qn  ) ^.objects;  two  showed  increased  time 
production  and  one  showed  decreased  time 
production.  One  subject  showed  Increased 
line  production  and  decreased  time  estima* 
lion  at  both  the  23  •g  and  30  ffg  dosas. 


•Results  ere  consistent  with  • "speeding  up" 
of  the  int«rn«l  clock  after  smoking  marijuana. 
Time  production  may  b«  the  most  v«Ud  measure 
of  changes  in  the  internal  clock.  Should  be 
pursued  with  any  vision  tests  which  involve 
subjective  time  Judgments*  e.g.*  prolongation 
of  after  images. 


• >4ay  be  a real  difference  between  marijuana 
and  alcohol.  Time  production  should  be  studied 
further  with  alcohol  and  librium  at  different 
doses  and  more  subjects.  Potential  index  of 
drug  interaction  effects. 
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J.  PULU  MTC 

•JirlJpona  (n-W> 

Group  data  ahoM  a larpa  IneroMO 
(approa.  la  pulaa  rata  paaktm 

cloao  to  $ olmitaa  attar  aanblnt.  Tl«a 
plaeabo  produead  a alight  Incraoao  to 
pulaa  rata  (Caaa  than  St)  paaklng  ctoaa 
to  S oinutaa  attar  aaabtnt,  lodlyldual 
aubjaeta  ahou  that  tha  paak  pulaa  rata 
oecura  laaa  than  S olnutaa  attar  aaoklng 
Marijuana. 

•Thia  la  a noat  eonalatant  and  narkMd.  changa 
oaaaurad  with  narijuana  aanklng. 

•Ghauld  ha  Maaaurad  with  alt  futura  utalon 
function  In  drug  atudlaa  hacauaa: 

•(1)  It  raflacta  A*THC  content . and 
(2)  It  rapraaanta  a Monitor  of  cardlo-vaacular 
condition  ot  tha  aahjaet. 

Alcohol  («»5) 

MO  Ifi  MulM  rau. 

LibrIuM  (n«]) 

Mo  ehanpa  In  pulaa  rata. 

K.  NIGH  HATING 

Marijuana  (n-IS) 

Mean  high  rating  72  (on  0-100  acala) 
paaklng  at  30  olnutaa  attar  aaoklng 
Marijuana.  Placaho  produced  naan  high 
rating  of  2k,  paaklng  eloaa  to  S olnutaa 
aftar  tanking. 

•Significant  “high"  ratinga  produced  with 
Marijuana  and  plaeabo.  Tina  couraa  of  "high" 
diffarant  for  tha  Marijuana,  being  longer 
and  paaklng  later  than  for  tha  placebo. 

• *1Ugh“  ratinga  followed  algntf Icantly  alowar 
tiae  couraa  than  tha  pulaa  rataa. 

L.  S.B.t.Q. 


jlicLIyw  (n-1S) 

:«rt«ln  r«l«Mtlon  lt«M  $lgntfic«ntly 
corr«Ut«4  with  IW  4ro|i> 


A\coha»  (f^S) 

Ktlaiiatlon  aeata  net  corralata4  «tUh 
lOP  drop. 

llbrlua 

Ralaxatfcm  teala  paailbly  corralatad  «(th 
I OP  drop. 


• S.O.C.Q.  fonaa  anabla  hypothaali  tpatinp  of 
aubjactlva  affactt  ralatlon  to  parfonaanca 
or  pfiyatolepy  chaopa. 


olOP  drop  alpniflcant\y  corralatad  to  patlanta' 
raporta  of  paacaful  ralOKattoo  and  tlradnata. 
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H.  SINUSOIML 
PuKsuiT  m 
MOVtMCNTS 


I.  I 

■ * I 


WtIIuh*  (n«U) 

Ho  iitniticant  roductlon  In  tnij’.h 
mIH«T  irMking. 


Alcohol  (n*5) 

KotuTtT  InHIcoto  rodueod  <«rfor«Mnco  ot 
hl«h  volocitios. 

llbriuo  (o"!) 

CooploK  background  condition  pro^'jccd 
reduction  In  tracking  parforoanco  In 
all  3 tubjaett.  Slmpla  cundltlon  * no 
changa. 


Harl Juana  (n«9) 

Maulta  luggatt  slight  constriction  of 
pupil  diaottar  (lass  than  O.k  im). 

A I coho I (n«3) 


(b)  CONJUNCTIVAL  Hariluana  (n>l$) 

INJECTION  Rasul ts  shoM  consistent  conjunctival 

Injection. 

(c)  LID  EDEIW  Horl luana  (n>IS) 

• RTOSIS  Rosults  suggest  adoM  of  lids  and  slight 

ptosis. 


1.  (a)  RUML  SIZE 


oRasults  suggest  gualltativo  changes  In  oyo 
■evsoswt  tracking  porfomanco.  Should  bo 
continued  In  dlvldod-sttontlen  onporlsont, 
at  both  upper  and  lower  valocltlos. 

oShould  bo  studied  In  eoro  subjects  at  3 dosa 
lavols. 


oSuggasts  possible  difforoncas  In  Marijuana 
and  alcohol.  Should  ba  pursued  In  dlvldod- 
at tent  Ion  task. 


oSllght  constriction  contrary  to  popular  ballaf 
that  marijuana  produces  dilation  of  tha  pupil. 

ONot  prof  I table  to  pursue  further  In  view  of 
vary  sum  1 1 changes  found. 


•Consistent  with  many  other  marijuana  studios. 
Net  profitable  to  pursue  further, 


• Ptosis  and  adaao  probably  ralatad. 


